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FOREWORD

This report was prepared in the Performance Branch (AFAPL/TBA),

Turbine Engine Division, Air Force Aero Propulsion Laboratory, Wright-

P,'tterson Air Force Base, Ohio, under Project 668AO215, with Edward K.

N:.vaisis as Project Engineer.

This report covers work conducted within the Performance Branch

in the time period between April 1973 and January 1974.
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ABSTRACT

_- This report describes a digital computer program entitled TRISPL.

TRISPL is a computer program that simulates steady-state design and

off-design performance of triple-spool turbofan engines. The program

has been formulated for an engine type with two core spools and one

fan spool but can easily be modified for other engine types (two fan

spools and one core spool, for example). The program, written in

Fortran IV language, uses performance maps (in Block Data format)

of the major engine components. Information on setting up the Block

Data and input data is given in the report. Also included 13 a complete

program listing with a description of each subroutine and sample results.
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SYMBOLS

STATION NUMBERS

1 ambient

2 fan entrance

21 fan exit/intermediace compressor and duct entrance

22 intermediate compressor exit/high compressor entrance

3 high compressor exit/burner entrance

4 burner exit/hi pressure turbine entrance

45 hi press, turbine exit/int. press. turbine entrance

5 int. turbine exit/low press. turbine entrance

55 low press. turbine exit

6 afterburner entrance

7 afterburner exit

8 main nozzle throat

9 main nozzle exit

23 duct burner entrance

24 duct burner exit

25 duct exit if mixed flow engine

28 duct nozzle throat

29 duct nozzle exit

THERHODYNAMIC PROPERTIES

T total temperature (degrees R)

P total pressure (atrm)

ii total enthalpy (Btu/lbm)

S total entopy (Btu/lbm *R)

vi



TS static temperature (degrees R)

PS static pressure (atm)

FAR fuel-air ratio

.A Mach number

V velocity (ft/sec)

COMPONENT SYMBOLS

F fan

I intermediate (middle) compressor

C high pressure compressor

B, COM combustor

D, DUC fan duct

THP high pressure turbine

TIP intermediate turbine

TLP low pressure turbine

A, AFT afterburner

NOZ nozzle

M main nozzle

OB overboard

T total

ENGINE SYMBOLS

ETAR ram recovery, P2/Pl

CN ratio of corrected speed to design corrected speed

PCN percent of design shaft speed

PR pressure ratio
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In addition to all input symbols, the following are output:

A areas (ft2 )

A. Mach numbers

BLDU total bleed flow into duct (lbm/sec)

BLDUC bleed flow into duct from high-pressure compressor
(lbm/sec)

BLDUI bleed flow into duct from intermediate compressor
(lbm/sec)

BLC high-pressure compressor bleed flow (lbm/sec)

BLF fan bleed flow, overboard (lbm/sec)

BLHP total bleed flow to high-pressure turbine (lbm/sec)

BLHPC high-pressure turbine cooling bleed from high-
pressure compressor (lbm/sec)

BLHPI high-pressure turbine cooling bleed from intermediate
compressor (lbm/sec)

BI.I intermediate compressor bleed blow (lbm/sec)

BLIP total bleed flow to intermediate turbine (lbm/sec)

BLIPC intermediate turbine cooling bleed from high-
pressure compressor (lbm/sec)

BLIPI intermediate turbine cooling bited from intermediate
compressor (lbm/sec)

BLLP total bleed flow to low-pressure turbine (lbm/sec)

BLLPC low-pressure turbine cooling bleed from high-
pressure compressor (lbmisec)

BLLPI low-pressure turbine cooling bleed from intermediate
compressor (lbm/sec)

BLOB total overboard bleed flow (lbtn/sec)

BLOBC ov.rboard bleed flow from high-rressure compressor
(lbm/sec)

BLOBI overboard bleed flow from intermediate compressor
(lb'n/sec)

xiii
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FGP pressure thrust (lbf)

EN net thrust (lbf)

FRD ram drag (lbf)

GU initial or guessed values

ITRYS number of loops thru engine before quitting

LOOPER number of loops thru engine

SFC specific fuel consumption (lbm/lbf/hr)

TOLALL tolerance on convergence

VA flight speed (ft/sec)

VJ jet velocity (ft/sec)

INPUT SYMBOLS

ALT? altitude (ft)

AM flight Mach number

AM55 Mach number at low pressure turbine exit

AM6 afterburner entrance Mach number at design

A8 main nozzle throat area - can be changed at off design -

(ft 2 )

A28 duct nozzle throat area - can be changed at off design -

(ft2 )

C'HPDS design corrected speed - high pressure turbine

CNIIDS design corrected speed - intermediate turbine

CNLPDS design corrected speed - low pressure turbine

CVDNOZ duct nozzle velocity coefficient

CVMNOZ main nozzle velocity coefficient

DELFG, DELFN, delta degradation multiplier for gross thrust, net
DELSF(. thrust, and specific fuel consuription, respectively.

Usually input as 1.0

DPAFDS afteiburner design pressure drop, AP/P

DPCODS :ombustor design pressure drop, AP/P
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DTCODS combustor design temperature rise,AT (OR)

ETAA afterburner efficiency

ETABDS combustor efficiency at design

ETACDS high-pressure compressor adiabatic efficiency at
design

ETAD duct burner efficiency

ETAFDS fan adiabatic efficiency at design

ETAIDS intermediate compressor adiabatic efficiency at design

ETAR ram recovery, P2/P1

ETHPDS high-pressure turbine adiabatic efficiency at design

ETIPDS intermediate turbine adiabatic efficiency at design

ETLPDS low-pressure turbine adiabatic efficiency at design

HPEXT horsepower extraction

1AFTBN index on afterburning desired

IM ITP index on ram or inlet operation desired

IDBURN index on duct burning desired

IDCD duct nozzle will be convergent-divergent when IDCD=l

IDES index for design point; must be set equal to 1 to
design engine; zeroed automatically

IDLJP index for dumping error matrix

IGASMX index for mixed flow or non-mixed flow turbofans

LMCD main nozzle will be convergent-divergent when INCD=l

ITRYS index for maximum number of iterations

MODE independent variable designator for engine operation

NOZFLT Inaex for floating main or duct nozzle

PCBLC % of total high-pressure compressor airflow that is bled

PCBLDUC % of high-pressure compressor bleed flow that is bled
into duct

x



PCBLDUI % of intermediate compressor bleed flow that is

bled into duct

PCBLF Z of total fan airflow that is bled (overboard)

PCBLHPC X of high-pressure compressor bleed flow that is
bled to the high-prdusure turbine

PCBLHPI % of intermediate compressor bleed flow that is bled
to the high pressure turbine

PCBLI % of total intermediate compressor airflow that is
bled

PCBLIPC % of high-pressure compressor bleed flow that is t
bled to the inteimediate turbine

PCBLIPI % of intermediate compressor bleed flow that is
bled to the intermediate turbine

! I PCBLLPC % of high-pressure compressor bleed flow that is
bled to the low-pressure turbine

PC3LLPI % of intermediate compressor bleed flow that is

bled to the low-pressure turbine

PCBLOBC % of high pressure compressor bleed flow that is
bled ovc-board

PCBLOBI Z of intermediate compressor bleed flow that is
bled overboard

PCKC high-pressure compressor shaft speed as a percent

PCNCDS design high-pressure compressor shaft speed as a percent

PCNF fan shaft speed as a percent

PCNFDS design fan shaft speed as a percent a
PCNI intermediate compressor shaft speed as a percent

PCNIS design intermediate compressor shaft speed as a percent

PRCDS high-pressure coupressor pressure ratio at design

PRFDS fan pressure ratio at design

PRIDS intermediate compressor pressure ratio at design

PS55 static pressure at low-pressure turbine exit (atm) -

P2 fan face total pressure, for nonstandard days (atm)
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TFHPDS high-pressure turbine flow fun-tion at design

T1,'IPDS Intermndiate turbine flow function at design

TFLPDS ?iw-pressure turbine flow function at design

TOLALL tole -ance on r nvergence at error matrix

T2 _tri face total temperature, for nonstandard days (OR)

124 duct-burner exit temperature, when ductburning (OR)

L7 conbustor exit/turbine inlet temperature (OR)

T4DS combust',r exit/turbine inlet temperature at deign (OR)

T? eft:,.burner exit temperature, wLen afterburning (OR)

Uri rA afterburner fucl flow rate, IAFTBN=2 (lbm/sec)

j F ".iain combusto. fuel flow rate, MODE=2 (lbm/sec)

WFBDS combustor fuel flow rate at design, MODE=2 (ibm/sec)

j 'FD duct burner fuel fliw rate, IDBURN=2 (lbm/sec)

ZCDS, ZFDS, design tatio of high pressure compressor, fan,

ZIDS and intermediate compressor respectively; equals
pressure ratio at design on design speed line minus
one divided by high(surge) value minus one on the
design speed line

ii
OUTPUT SY IPOLS

Some symbols, sLch at T, are followed by station numbers; see station
ntimber symbols

xii
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In addition to all input symbols, the following are output:

A areas (ft2)

AN Mach numbers

BLDU total bleed flow into duct (lbm/sec)

BLDUC bleed flow into duct from high-pressure compressor
(lbm/sec)

BLDUI bleed flow into duct from intermediate compressor
(lbm/sec)

BLC high-pressure compressor bleed flow (lbm/sec)

BLF fan bleed flow, overboard (lbm/sec) i
BLP total bleed flow to high-pressure turbine (lbm/sec)

BLHPC high-pressure turbine cooling bleed from high-
pressure compressor (lbm/sec)

BLHPI high-pressure turbine cooling bleed from intermediate
compressor (ibm/sec)

BLI intermediate compressor bleed blow (lbm/sec)

BLIP total bleed flow to intermediate turbine (lbm/sec)

BLIPC intermediate turbine cooling bleed from high-
pressure compressor (lbm/sec)

BLIPI intermediate turbine cooling biked from intermediate

compressor (lbm/sec)

BLLP total bleed flow to low-pressure turbine (Ibm/sec)

BLLPC low-pressure turbine cocling bleed from high-
pressure compressor (lbm/sec)

BLLPI low-pressure turbine cooling bleed from intsmediate
compressor (lbm/sec)

BLOB total overboard bleed flow (Imn/sec)

BLOBC overboard bleed flow from high-pressure compressor
(lbm/sec)

BLOBI overboard bleea flow from intermediate compressor
(lbn/sec)
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BYPASS bypass ratio, duct airflow divided by intermediate
compressor airflow

CNC high pressure compressor corrected shaft speed as a
percent

CNF fan corrected shaft speed as a percent

CNHP high pressure turbine corrected shaft speed as a
percent, PCNC/4fZ

CNIIPCF high pressure turbine speed correction factor

CNI intermediate compressor corrected speed as a percbnt

CNIP intermediate turbine corrected shaft speed as a
percent, PCNI/ fT4

CNIPCF intermediate turbine speed correction factor

CINLP low-pressure turbine corrected shaft speed as a
percent, PCINF/ P-5

CNLPCF low-pressure turbine speed correction factor

CS ambient speed at sound (ft/sec)

DHHPCF high-pressure turbine work correction factor

DHIPCF intermediate turbine work correction factor

DULPCF low-pressure turbine work correction factor

DHTC high-pressure turbine work, -H, (Btu/lbm)

DHTCIIP high-pressure turbire work, temperature corrected,
AH/T (Btu/lbm *R)

DIU'CIP intermediate turbine work, temperature corrected,
AH/T (Btu/Ibm *R)

DHTCLP low-pressure turbine work, temperattre corrected,
AH/T (Btu/lbm *R)

D'TF lcw-pressure turbine work, AH (Btu/lbm)

DIITI intermediate turbine work,AH (Btu/lbm)

DPAFT afterburner/tailpipe pressure, loss, A P/P

DPCOM combustor pressure loss, A D/p

DPDUC fan duct pressure loss, AP/P

xiv
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DTAFCF afterburner temperature rise correction factor

DTAFDS afterburner temperature rise at design, AT (OR)

DTCOCF Combustor temperaturr rise correction factor

DTDUCF duct-burner temperature rise correction factor

DTDUDS duct-burner temperature rise at design, AT (OR)

ETAACF afterburner efficiency correction factor

ETAADS afterburner efficiency at design

ETAB combustor efficiency

ETABCF combustor efficiency correction factor

ETAC high-pressure compressor adiabatic efficiency

ETACCF high-pressure compressor efficiency correction factor

ETAD ductburner efficiency

ETADCF duct burner efficiency correction factor

ETADDS ductburner efficiency at design

ET&F fan adiabatic efficiency

ETAFCF fan efficiency correction factor

ETAI intermediate compresror adiabatic efficiency

ETIICF intermediate compressor efficiency correction factor

ETATHP high-pressure turbine adiabaaic efficiency

ETATIP intermediate turbine adiabatic efficiency

ETAT.P low-pressure turbine adiabatic efficiency

ETHPCF high-pressure turbine efficiency correction factor

ETIPCF intermediate turbine efficiency correction factor

ITLPCF low-pressure turbine efficiency correction factor

FAR fuel-air ratios

FART total fuel-air ratio

FG gross thrust (lbf)

'.xv



FGM momentum thrust, total (ibf)

FGIM momentum thrust from duct (lbf)

FGMIM momentum thrust from core (lbf)

FGP total pressure thrust (lbf)

FGPD pressure thrust from duct (lbf)

FGPM pressure thrust from core (lbf)

FN net thrust (ibf)

FRD ram drag (lbf)

H enthalpies (Btu/lbm)

P total pressures (atm)

PCNC high-pressure compressor shaft speed as a percent

PCNCGU first guess of PCNC

PCNF fan shqft speed as a percent

PCNIFGU first guess at PCNF

PCNI intermediate compressor shaft speed as a percent

PCNIGU first guess at PCNI

PRC high pressure compressor pressure ratio

PRCCF high pressure compressor pressure ratio
correction factor

PRF fan pressure ratio

P FC fan pressure ratio correction factor

PRI intermediate compresser pressure ratlo

PRICF intermediate compressor pressure ratio correction
factor

PS static pressures (atlb)

S entropies (Btu/lbm -'R)

SFC specific fuel consumption (ibm/lbf/hr)

T total temperatures (OR)

×xvi



TS static temperatures

T2DS fan face total temperature at design (OR) A

T21DS fan exit total temperature at design (°R) A

T22DS intermediate compressor exit total temperature
at design (°R)

T24DS ductburner euit temperature at design (OR)

T7DS afterburner exit tampr.z'ature at design (°R)

T4GU first guess at T4 ('R)

TFFHP high-pressure turbine flow function

TFFIP intermediate turbine flow function

TFFLP low-pressure turbine flow function

TFHPCF high-pressure turbine flow functicn correction factor

TFIPCF intermediate turbine flow function correction factor

TFLPCF low-pressure turbine flow function correction factor

V velocities (ft/sec)

VA aircraft velocity (ft/sec)

VJD fan duct exhaust velocity (ft/sec)

VJM core exhaust velocity (ft/sec)

WA airflows (lbm/sec)

WAC high-pressure compressor airflow (lbm/sec)

WACC high-pressure compressor corrected airflow (lbm/sec)

WACCF high-pressure compressor airflow correction factor

WACDS high-pressure compressor airflow at design (lbm/sec)

WAD duct airflow (lbm/sec)

WAF fan airflow (bm/sec)

WAFC fan corrected airflow (Ibm/sec)

WAFCF fan airflow correction factor

xvii
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WAI intermediate compressor airflow (lbm/sec)

WAIC intermediate compressor corrected airflow (lbm/sec)

WAICF intermediate compressor airflow correction factor

WA3CDS high-pressure compressor exit corrected airflow
at design (lbm/sec)

WA23CDS ductburner entrance corrected airflow at design (lbm/seL)

WFADS afterburner fuel flow rate at design (lbm/sec)

WIFDDS ductburner fuel flow rate at design (lbm/sec)

WFT total fuel flow ratae (lbm/sec)

WGT total gas flow rate (lbm/sec)

WG6CDS afterburner entrance corrected gas flow at design
(lbm/sec)

ZC, ZF, ZI similar to ZCDS, ZFDS, and ZIDS except these
are off-design - see Input Symbols

xviii
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SECTION I

INTRODUCTION

engines titled SMOTE was developed in the Air Force Aero Propulsion

Laboratory (Reference 1). This program is capable of simulating design

and off-design performance of two-spool turbofan engines. This report

describes a similar technique, obtained by modifying the SMOTE program,

that simulates design and off-design performance of three-spool turbo-

fan engines. NASA, Pratt and Whitney, General Electric and other con-

tractors have developed or are developing working models that simulate

the performance of three spool engines. However, through the

experience gained in developing an in-house computer program, more

flexibility can be exercised in making modifications to satisfy varying

future needs without being depundent on contractors or other organi-

zations.

Three-spool turbofan engint s will be competitive as candidates for

powering future aircraft systems. This effort has provided the Air

Force Acro Propulsion Laboratory with an in-house method for evaluating

t•he peformance Lf three-spool turbofan engines.



SECTION II

S MHARY

A computer program titled TRISPL is described. This program is

derived from SMOTE (Simulation of Turbofan Engine) which was developed

by the Turbine Engine Division of the AF Aero Propulsion Laboratory,

Wright-Patterson AFB, Ohio.

TRISPL caiculates design and off-design performance of 3-spool

turbofan engines. Component maps, input as block data, are scaled

internally to simulate a specific engine. The program is formulated

for two core spools and one fan spool operation. Options are included

for mixed or separate flow :agines and dry or afterburning operation.

The program can be modified for different modes of operation and engine

types, 2 fan spools and o~e core spool for exampls.

2
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SECTION III

METHOD OF ENGINE CALCULATIONS

The following discussion is very similar to that in the report

describing the SMOTE program.

1. COMPONENT MAPS

The performance of the major engine components is based cn

component maps. These maps are usually obtained from analytical

methods or rig-testing and are then converted into Block Data subroutines

for use by TRISPL. The maps presently included in TRISPL are very general

and do not represent any particular engine or engine components.

The component maps are scaled at the engine design point by TRISPL

in order to match their performance to a desired set of performance

figures which are input as data. Scaling or correction factors are

calculated and then applied to the maps at off-design points. The

scaling process is linear; therefore, correction factors near unity

result in the highest accuracy of component simulation. Conversely,

however, not being close to 1,0 does not necessarily mean that the

simulatin" is poor since many maps have been shown to be typical over

quite large ranges in the variables.

TRISPL presently includes component maps for the fan, intermediate

compressor, high pressure compressor, combustor, and the three turbines.

Duct burning, duct losses, gas mixing, afterburning, tailpipe losses, and

nozzle losses are all calculated or input, but these characteristics could

also be included as Block Data if maps were available. Likewise, schedules

for bleed air and variable area nozzles could be used.

3



a. Fan-Compressor Maps

The fan and compressor maps are very similar and are plots of

pressure ratio vs. corrected airflow with constant corrected speed iines

and constant efficiency islands (see Fig. ). Entry to the map is through

the corrected speed and Z, where Z is a ratio of pressure ratios, aad

is defined at a constant corrected speed as shown in Figure 1. It is

advantageous to use Z instead of pressure ratio because Z is restrained

between the limits of 0 and 1, whereas the limits on pressure ratio vary

depending upon map location and the particular map. Also, as indication

that the fan or a compressor is approaching surge is given as Z approaches 1.

b. Combustor Map

The combustor map is a plot of efficiency vs. temperature rise

for constant input pressure (see Fig. 2). Entry to the map is through

temperature rise and input pressure, with efficiency being output.

c. Turbine Maps

The turbine map is a plot of work function vs, corrected speed with

constant turbine flow function lines and constant efficiency islands

(see Fig, 3). The work function and flow function are defined as

H it
HIN T OUT

IN

P IN

Entry to the m..u is through corrected speed and flow function, with work

function and ei[cic'ncy being output.

4
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SURGE LINE -- SPEED (CN)

HII

- -- 'CONSTANT EFFICIENCY (ETA)
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CORRECTED AIRFLOW (WAC)

Figue 1.Example of Pan-Compressor Map

CONSTANT INPUT PRESSURE (P3)

>4

£EMPERATLJRE RISE (D$.

Figure 2. Example of Combustor Map

-CONSTANT TUPBINE
FLO'4 FUNCTION (TFF)

~ , / ~CONSTANT EFFICIENCY
0 (ETA)

CORPFCTED SPEED (CNT)

Figurt, 3. Examwple of -urbino Map



The work function coule have been used as an entry in place of one of

the present entries, but, because of the shape of the curves, this could

lead to double entry points for one work function. However, if the turbine

maps were plotted in a different format, this vould be an acceptable

method.

2. DESIGN POINT

Once the component maps have been redu:od to Block Data form and

placed in the program, it is necessary to run a design point. The design

point is r.in at those conditions under which the real engine is designed or

sized, often sea level static. Design parameters necessary to simulate

the real engine (for example, airflow, bypass ratio, turbine inlet

temperature, various pressure losses, pressure ratios, etc.) are input

and a complete thermodynamic cycle calculation is performed. For more

details on the cycle calculation see Section III 4, "Off-Design Points".

Scale factors for the component maps are calculated to insure that

the input design parameters are met. If the design parameters have

been correctly input, the design point will be completed after one pass

through the engine calculations (that is, no balancing will occur) because

the maps are shifted to reduce the errors to zero.

Other parameters calculated and output at the design point include

certain temperatures, airflows, gas mixing areas, and nozzle throat

and erit areas.

3. SCALING FACTORS

Scaling or correction factors are calculated at the design point

using the following equation:

P (correction factor) - P (Jesign)/P (map)

where P represents a general parameter. One excepcion to this equation

6
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is the equation for calculating the fan and compressors pressure correction

factors:

PR (correction factor) [PR (design)- l]/[PR (map) -1]

where PR represents a general pressure ratio.

Theoreticaily, if the component maps and the input design parameters

are exact representations of a particular engine, the correction factors

will equal 1. However, this will not be true due to map interpolations,

certain assumptions such as ideal and isentropic flow, and tolerances

in the thermodynamic calculations. If unmatched component maps are

used, the correction factors can differ significantly from 1.

4. OFF-DESIGN POINTS

The following discussion pertains particularly to off-design

points, although the input and the general cycle calculations are the

same for the design point. Throughout the following discussion, it

should be remembered that scaling or correction factors (multipliers)

are applied to all performance maps (Block Data parameters). A schematic

diagram of the engine components and statio; designations is shown

in Fig.4.

a. Input

iThe program uses a controlled output; that is, the variables

desired as Gutput can be selected at the start of a run. This selec:tion

is obtained by placing the names of the variables in the first section

of input cards. Controls, scaling factors and operating conditionc

make up the rest of the input.

The control inputs are used to determine the type of engine;

mixed or separate flow, afterburning or duct burning, and convergent

or convergent-divergent nozzle. The controls are also used to fix the

7
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mode of operation; constant PCNF, constant PCNC, constant T4, or constant

WFB. Other controls determine inlet conditions, title printout, and

cycle looping printouts. The correction factors can be input directly,

or the design point can be run first and the L -culated factors will be

stored in common. The operating conditions include the flight Mach

number, altitude, power setting (either PCNF, PCNC, T4, or WFB), duct burner

and afterburner temperatures or fuel flows, bleed, and horsepower

extraction.

b. Initial Values

The program uses six primary independent variables: ZF,

PCNF, Z , PCNI, ZC, PCNC (T4 may be substituted for PCNF or PCNC,

depending upon the mode of operation). Three secondary independent

variables (TFFHP, TFFIP, and TFFLP) are also used to ensure correct

entry into the turbine maps. Initial values for these nine variables

must be obtained to start the program at each point. A subroutine (GUESS)

supplies these variables as a function of T2, T21, and some of the

variables themselves. It is important to note that the closer the

initLal values are to the final values at a balanced point, the

faster the program will run. Therefore, after a particular engine

configuration has been run a few times, it is usually advisable to change

the general initial value equations to suit the engine, using the knowledge

gained from past runs to estimate more closely t'he final values of

the varLables.

9



~c. I<nlet

, The thermodynamic properties of the atmosphere are found from

a 1962 ARDC Atmosphere Tables sobroutine. Using conservation of energy

I and isentropic flow, the conditions at the face of t"ile fan can be found.

!! A ram recovery can be input or, if not input, a ram recovery defined by

MIL-E-5008E Specifications will be used. If desired, a T2-P2 direct

input mode is available as ate provisions for nonstandard day conditions.

d. Fan and Compressor

!!Block Data is used to determine the performance characteristics

*of the fan and compressors. When Z and PCN are known, the pressure ratio,

• z~i corrected airflow and efficiency can be found by using a genexal Block

Data interpolation routine named SEARCH. With the pressure ratio known

i and when the assumption of Isentropic compression and the efficiency are

! used, the thermodynamic conditions at the exit of the fan and compressors

• can be calculated. Bleed for consumer, use, leakage, or cooling is accounted

for. Actual airflow leaving the fan and compressors is calculated from

.. : corrected airflow, temperature, pressure, and bleed.

IiIt should be mentioned here that the present form of TRISPL

calculates corrected speed (CN) in a manner slightly different from SMOTE.

STRISPL uses an equation which forces corrected speed (CN) to equal

physical shaft speed (PCN) at the deeign point. The equation is

CN -- ( N-

where 0 is corre:.ted temperature, and OD is the z:,rrected temperature at

design. Thus, at the design point, CN = PCN. This equation is useful

for studyingv theoretical engines where actual maps are not available but

must be changed back to the SMOTE equation if real engines are to be

_ simulated. SMOTE uses this equati~on; CN PCN/li'.
10
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_' iThe pressure drop in the combustor is a function of a design pressure

drop and ratio of corrected airflow to design corrected airflow.

Combustor efficiency is obtained from Block Data using SEARCH. The fuel

used is assumed to be JP-4 (at 59*F), and, with the assumption of adiabatic

and constant pressure combustion, a fuel heating value equation as a

function if T4 has been derived. Thus the fuel/air ratio, fuel flow,

and thermodynamic conditions at the combustor exit can be calculated.

If WFB is known instead of T4, a small iteration is necessary.

f. Turbines

The turbine subrouttnes all use similar logic and obtain their

performance characteristics from Block Data using subroutine SEARCH. All

three turbine parameters (CN, TFF, DHTC) ca± be calculated before entering

the turbine map, but only two are needed. Therefore, the third parameter

obtained from the map is compared with the calculated third parameter,

and a balancing error is generated if they are not equal, In this program,

CN and TFF are used for map entries, and DhTC is itsed to generate the

error. In addition, the efficiency !s also obtained through SEARCH.

In addition, another error will te generated if TFF is not within

map limits. The error will be the difference between TFF and the nearest

map limit. This error becomes particularly important when the estimated

initial values of the independent variables are far from the correct

values, and the point is extremely unbalanced. When either TFF or CN

is not within map limits, they are set to the nearest map limit, and one

of the independent veriables is changed in an attempt to rectify the

situation. The operating point must appear on all maps before a complete

..ycle calculation can be accomplished.

• . ii



Horsepower extraction is accounted for in calculating DHTC of

the high pressure turbine. When the efficiency is used and the turbine

process is assumed isentropic, the thermodynamic properties at the three

turbine exits can be calculated. Any bleed airflow for cooling the turbines

is treated as if it entered the main stream behind the turbine, and the

thermodynamic properties at the turbine exit are recalculated to account

for this.

g. Duct

The duct airflow and bypass ratio are calculated from the fan

and intermediate compressor airflows. The pressure drop in the duct is

treated as in the main combustor. For duct burning, the same fuel heating

value equation that was used in the main combustor is again used, but

the efficiency must be input. As in the combustor, either the temperature

(T24) or the fuel flow (WFD) may be input.

If a separate flow engine is being simulated, the duct nozzle

calculations are done in this routine, although they are accomplished in

the same manner as for the main nozzle.

h. Mixer

The gas mixing areas (duct exit and turbine discharge for a

mixed flow engine or just the turbine discharge area for a separate

flow engine) are calculated at the design point using either an input

core static pressure or Mach number. In the mixed flow mode, there is

an option for calculating afterburner entrance area as a function of ar.

input afterburner entrance Mach number at the design point. At an off-

design point the areas are used to calculate static pressures and Mach

numbers.

12
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For a separate flow engine, the thermodynamic conditions entering

the afterburner are now known, since they are identical to turbine discharge

conditions.

For a mixed flow engine, a set of derived equations based on one-

dimensional fluid flow theory and conservation of mass, energy, and

mementum is used to determine the thermodynamic conditions after complete

mixing of the two gas streams. These equations do not require that the

static pressures of the two entering streams be equal. However, for a

correct engine balance, the two static pressures must be equal, and a

balancing error is generated if they are not equal.

i. Afterburner

The dry loss (cold loss) pressure drop in the afterburner is a

function of a design pressure drop and the ratio of corrected gas flow

to the design corrected gas flow.

For afterburning, the same equation for the fuel heating value

that was used in the combustor is again used, but the efficiency must be

input. As in the combustor, either temperature (T2) or the fuel flow (WFA)

may be input. A momentum loss (hot loss) pressure drop is also calculated.

j. Nozzle

The main nozzle program uses fixed effective areas (except

when afterburning or when different nozzle areas are directly input)

calculated at the design point. Either a convergent or convergent-

divergent subroutine may be used depending upon the input controls.

If afterburning has been selected, the nozzle areas are allowed to float

to obtain optimum performance; however, the areas are returned to their

original design values after the afterburning point is completed. Nozzle

13



areas can also be changed by directly inputting different nozzle area

values. The duct nozzle behaves identically to the main nozzle'

including floating areas if duct-burning has been selected.

tecause all thermodynamic properties of the ga-i stream are known,

as well as the amount of flow, nozzle areas, and ambient pressure, there

is a .redundant parameter. For this program, the total pressure of the gas

stream was chosen as the redundant parameter. The nozzle calculations

are made without using the total pressure, and a required total pressure

compatible with all other known parameters is calculated. This required

pressure is compared with the actual pressure and a balancing error is

generated if they are not equal.

k. Performance and Output

At this point, nine errors have been generated after one pass

through the engine. Several more passes must be completed under control

of the error matrix and engine balancing technique. See Section IV for

a detailed description of the balancing technique. Eventually however,

the errors will be reduced to zero, and engine performance will be

calculated using standard equations. Gross thrust is obtained by summing

the mementum term (a nozzle velocity coefficient may be input) and a

pressure-area term, and the net thrust is in turn found by subtracting

a ram drag (airflow momentum loss at inlet) term from the gross thrust.

Specific fuel consumption (SFC) is total fuel flow divided by net thrust.

As previously mentioned, a controlled output is used, whereby only

selected variables are printed. Each variab2ie is labeled with its name

and provisions have been made for changing the name of a variable. In

addition, the values of all variables in common are printed in a

close format so that variables other than those selected for a specific

run are availabLe later on.
14



5. ".'ADRA-\TIC INTERPOLATION ROUTINE

T-hroughout the program.. there are manv small loops Lfor example,

thermodynxnic iterations and table look-up) which require convergence.

Trial-and-error methods and linear interpolations can le time consuming.

especially when a tight tolerance is necessary; therefore, a general

interpolation routine called AFQUIR (Air Force Quadratic Interpolation

Routine) (Reference 1) is used.

This routine requires a dummy array dimensioned for nine locations.

Also input into the routine through the calling argument are the

independent and the dependent variables, the answer or value which the

dependent variable is to converge upon, the number of tries at conver-

gence, the tolerance, and a variable called DIR.

The DIR is either set or calculated in the calling program and

is an initial guess at the direction and percentage change to apply to

the first value of the independent variable. If not enough is known about

the variable to calculate DIR, an arbitrary value may be set. This should

not affect the final result, but may increase the number of tries of

convergence.

The DIR thus establishes the second value at the independent variable.

This value is used in the calling program to determine a corresponding

second vallue of the dependent variable and AFQUIR is called a second time

wit . t.^'o sets of values. A linear interpolation is made which results in

a third valuc of the indepenuent variable. AFQUIR is then called a third

time with the third values of the independent and dependent variables and

a quadratic interpolation is made. The values of these three sets of

variabl-s have been stored in the dutmmy array, and from hereon, quadratic

15



interpolations are made using the three sets which give values closest

- :to the answer. Values farthest from the answer are lost.

Various safeguards are built into AFQUIR to return the interpolation

method to DIR or linear if the roots of the quadratic become complex, if

the quadratic does not intercept the answer, if the value of the independent

variable differs radically from previous values, or if two sets of

independent and dependent variables are identical.

Also it is possible to preload the dummy array directly at the

linear or quadratic interpolations if desired.

In summary, AFQUIR is a completely flexible routine which performs

quadratic interpolation for quick convergence of general functions.

16
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SECTION IV

BALANCING TECHNIQUE

The balancing technique is virtually the same as that used in SMOTE.

It is based on finding a solution for a set of partial differential

equations. For this program, the set is composed of nine equations;

however, using a set of only three equations will simplify the following

discussion. This corresponds to a basic single spool turbojet simulation.

SMOTE uses a set of six equations.

As discussed previously, nine independent variables (ZF, PCNF or T4,

ZI, PCNI, ZC, PCNC or T4, TFFHP, TFFIP, and TFFLP) were selected. Once

these variables have been given initial values, it is possible

to proceed thrcugh an entire engine cycle calculation. Nine errors are

generated as shown in Section III. These initial values of the nine

variables and nine errors are referred to as base values.

In the following equations, V refers to a variable and E to an error.

The basic set of differential equations based on E = f(V) is

dE1 =-ll dV1 + 1'2 dV2 + E dV

dV -13 +z-
1 2

3E 3E aEdE = -'d 1  + E22 dV --'2 VI +  2 2 DV 3 3

3E 2L 3
dF3 = - E3-.1 dV + -32 dV + .-.33 dV3 V 1 aV 2 3V' 3

1 2 3

17



where the single subscripts correspond to three variables and three

errors and where the double subscripts indicate the change in a parti-

cular error (first subscript) due to a change in a particular variable

(second subscript).

Assuming small changes result in the following approximations

(where B refers to a base value):

dE = E - EB

dV = V - VB

E AE
jV = WT

With these approximations and the fact that E should be zero when

the engine is balanced, the set of partial differential equations

reduces to

AE11 dV EI2 1AE 1 3
E1 - EB1 AV-- vl I + V 2 + - 3  EB

AE2 1  AE22  AE23
E- EB - dV + - dV2 + M--dV3 -EB2 AV1 2  AV3  3

AE31  AE3 2  AE33

E EB -- dV + -dV + -- dV EB
AVI  AV2  AV3

Three more passes (nine for TRLSPL) are now made through the engine

cycle calculations, and one variable is changed by a small amount (AV) for

each pass. The change in each error due to the small change ill |e

variables (AE/AV) can be calculated.

18



The above set of differential equationj can now be solved for dV,

dV2 and dV3 and, in general, the new value of each independent variable

would be given by

V VB + dV

If the engine cycle calculations were linear functions, the engine would

balance (errors equal zero) with these new values of the variables.

However, this is usually not the case. The new errors become base

errors (still keeping the old AE/AV's) and another attempt at balance is

performed. If several such attempts still fail, the entire process is

repeated where the new errors and variables become base values and a

new set of AE/AV's are calculated.

A subroutine to determine the solution of a matrix is used to solve

the set of differential equations. After each pass through the engine, a

matrix array is loaded with the appropriate values; after ten passes (base

value plus nine independent variables) the matrix subroutine is called

to solve the matrix.

It was found that the "dV's" obtained from the solution of the

differential equations were in many cases too large, thus causing the

variables to exceed their limits, and to make it practically impossible

to balance the cycle. The "dV's" are therefore multiplied by a suppression

factor calzulated in the program which limits the swing of the variables.

Although this procedure may tend to increase the number of pas.os before

balancing in some cases, it also balances points which previously would

not balance. These points are most generally far from the design point,

where oscillations of the dependent variables tend to build up.

19
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SECTION V

INPUT/OUTPUT DESCRIPTIONS

1. BLOCK DATA INPUT

The three compressor maps are entered into the program as BLOCK

DATA subprograms FANDAT, INTDAT, and CMPDAT.

Using FANDAT as an example (refer to program listing), and refer-

ring to typical map (Fig. 1), the data are programmed as follows:

Card 1 identifies the program as BLOCK DATA. Card 2 is a comment card.

Card 3 identifies the common block FAN into which data are to be stored

and dimensions the program variables. Card 4 indicates that there are

10 speed lines N and the number of points NP on each line (6 on the

lowest speed, 7 on the next 3 lines, etc). Card 5 assigns the value of

speed to each of the 10 lines (low to high). The remaining cards

indicate the values of pressure ratio (PR), corrected airflow (WAC), and

efficiency (ETA) for the speed linee. For example, the card

DATA (PR (4,J), J - 1,7)/

denotes that the pressure ratios are for the 4th speed line (CN - 0.6)

and that there are 7 points.

The combustor BLOCK DATA subprogram is CMBDAT. Referring to the

program listing and a typical combustor map (Fig 2), the data are

programmed as follows:

Card I identifies the program as BLOCK DATA. Card 2 identifies the common

block COMB into which data are to be stored and dimensions the variables.

Card 3 indicates that there tre 15 lines of constant PSI(P3) by the

value of N, and that there are 15 values of DELT (DT) and ETA(ETAB) along

Fi
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each line of constant PSI(P3). Cards 4 and 5 assign values to each of

the P3 lines from low to high pressure. Cards 6 to 8 assign values of

AT to each of the P3 lines starting at low AT. The lowest value of AT

on each of AT on the lowest value of P3. Next comes the second lowest value

of AT on each P3, etc. Cards 9 to 16 assign the value of ETAB in a

one-to-one correspondence with the AT values Just assigned. The ordL."

is the same.

The turbine maps are the BLOCK DATA subprograms hTURB, ITURB, and

LTURB. Taking HTURB as an example and referring to the program listing

and a typical map (Fig.3) the data are programmed as follows: Card I iden-

tifies the subprogram as BLOCK DATA. Card 2 is a COMMENT card. Card 3

identifies the common block HTURB into which data are to be loaded and

dimensions the program variables. Card 4 indicates the number of constant

* turbine flow function lines TFF as 11 (N) and the number of points on

each line from low to high TFF. Cards 5 and 6 set values of TFF from

low to high. The remaining cards set the values of corrected speed

(CN), work function (DH), and efficiency (ETA) starting from low TFF.

F3r example, the card,

DATA (DH(5,J), J 1,15)/

denotes that the work functions are for the 5th flow function line

(TFF 49.175) and that there are 15 points.

2. CONTROLLED OUTPUT/NIIELIST INPUT

The input data is divided into two sections; data cards for the

controlled output, and data cards in Namelist format for running each

point. lor the following discussion on setting up input data, refer to

the listing of sample data immediately following the program listing.
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a. Controlled Output

The variables that are to be output are selected by the first section

of data cards. Any variable that is in one of the main commons (DESIGN,

FRONT, SIDE, or BACK) may be selected for output by punching the name at

the variable as it appears in the common (with trailing blanks if necessary)

in Columns 1 throu "- 7. Up tct 150 variables (25 lines of 6 variables)

may be chosen for a particular run. During the output phase, the name

of the variable is printed out, with its value printed immediately below

-he name.

Another feature of the controlled output is the ability to change

the name of a variable to be output; for example, it may be desired to

change a station designation to one more common to a particular programmer.

In this case, the variable name would be punched in Columns 1 through 7

as described above, but in addition, the desired name would be punched

in Columns 15 through 22. Special symbols, such as I, may be used in the

new name. The last card of the controlled cuLput must be a card with

THEEND punched in Columns 1 through 6.

In addition to the variables selected a controlled output,

the values of all variables in common are printed in a close format

so that variables other than those selected for a specific run are

available later on.

b. NAMELIST Input

The normal data for running the desired points follows the controlled

output data and is in a Namelist format, where the name of the Namelist is

DATAIN. Usually the first set of data is the design point, as shown in

the sample input data. When the design point is run (DDES = 1), all map

scaling or correction factors are printed out, as well as being retained

22



in common. Therefore, it is possible to run off-design points immediately

following the design point by making use of the values in common, or to

begin running an off-design point immediately by inputting the scaling

or co-irection factors. The first method is usually easier, but the second

method may be desired if many points are to be run using the same engine

parameters with no changes except for power setting, Mach number, and

altitude.

The variables that must be input at the design point foi the

- basic cycle (for example, no afterburning) are listed in Table I below:

23
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TABLE I

INPUTS REQUIRED FOR BASIC CYCLE AT DESIGN POINT

VARIABLE DEFINITION UNITS

PRFDS Fan pressure ratio

WAFDS Fan face airflow lb/sec

ETAFDS Fan efficiency

ZFDS Design Z of fan

PCNFDS Fan shaft speed expressed as percent

PRIDS Intermediate compressor pressure ratio

WAIDS Intermediate compressor (core) airflow lb/sec

ETAIDS Intermediate compressor efficiency

ZIDS Design Z of intermediate compressor

PCNIDS Intermediate compressor shaft speed
as a percent

PRCDS Righ pressure compressor pressure ratio

ETACDS High pressure compressor efficiency

ZCDS Design Z of high pressure compressor

PCNCDS High pressure compressor shaft speed
as a percent

ETABDS Combustor efficiency

DPCODS Combustor pressure drop, AP/P

DTCODS Combustor temperature rise OR

T140S Turbine inlet temperature OR

TFHP!)S High pressure turbine flow function

/ CNUPDS High pressure turbine corrected speed

I'MTI)DS High pressure turbine efficiency

FIPDS Intermediate turbine flow function Ib/ (SFC),".
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VARIABLE DEFINITION UNITS

GNIPDS Intermediate turbine corrected speed

ETIPDS Intermediate turbine efficiency

TFLPDS Low pressure turbine flow function lbi'-R/(sec)(psit)

CNLPDS Low pressure turbine corrected speed

ETLPDS Low pressure turbine efficiency

DPDUDS Fan duct pressure drop, AP/P

DPAFDS Tailpipe pressure drop, AP/P

A 155 Mach number at low pressure turbine exit
or
PS55 Static pressure at low pressure turbinL atm

exit
AM Flight Mach number

M.,TP Altitude ft

HPEXf Horsepower extraction lip

CVX:.NOZ Hain nozzle velocity coefficient

,.'DNOZ Duct nozzle velocity coefficienL

+

Various bleed flows (see Symbols)

+

Various control parameters (see below)

A. menrtoned in Table I, various control paramacers which fix the

engine L.ype, mode of operation, method of calculating ram recovery, etc.

must he input. These are listed below. Subroutine ZERO determines

what valos in common will be zeroed between points. None of the design

ialues or currection factors are zeroed but some of the control parameters

dre. It, the control parameter listing below, the superscripts (1) to (4)

have ti? following meanings: (i) a ... atically returned to zero after
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each point is calculated, must be re-input if option is again desired,

(2) option can be used only at off-design points; (3) these input

values remain as input unless changed by a new value; (4) a set-up case

must be run where all the comnponents are first matched before thlese 0

A options are used, then the identical case may be repeated exer-z:ising

these options.

IIDES =1 For calculating design point(3)
MODE 0 Specify T4

(2) (3)
MODE I Specify i'CNC

(3)
MODE 2 Specify WFB

(3)
(2)MOEIE = 3 Specify PCNF

(3)
INIT = 0 Initializes point

(3)
INIT - 1 Will not initialize point

(3)
IDUMP = 0 No looping write-outs

IDUMP = 1 Will dump looping write-outs if error occurs
(3)

IDUMP =2 Will dump looping write-outs after every point
(3)

* AMTP =0 Will use AM and mil-spec ETAR
(3)

1AMTP = I Will use input AM and input ETAR
(3)

1AMTP = 2 Will use input T2 as Tl=T1+T2 and standard P1 (T2 value
needs to be input at every point or an error will occur
whenever used)

(3)
)IANTP -3 Will use input P2 and standard T1

(3)
IAMTP=4 Will use input T2 and input P2

lGASMX=O Separ-ate flow, A6=A55
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(3)
IGASMX=L Will mix duct and main streams, A6-A25+A55

(3)
IGAsmx=2 Will mix duct and main streams, input AM6

()IDBURN=l ()For duct burning, input T24

(4)()
IDBURN=2 For duct burning input WFD

(4)()
IAFTBN=l For afterburning (mixed or unmixed streams), input

T7

(4)(1
IAFTBN=2 For afterburning (mixed or unmixed streams), input WFA

(3)
IDCD=. FAn duct nozzle will be convergent-divergent

(3)
I]I4CD=l Main nozzle will be convergent-divergent

4(4) (3)
NOZL'LT=l For floating main nozzle exit area

(4) (3)
N')ZF'LT=2 For floating duct nozzle exit area

(4) (3)
NOZFLT=3 For floating duct and main nozzle exit areas

ITRYS=N -Number of passes through engine before quitting

TOLALL=X Tolerance which the errors must satisfy before
engine is matched

DELFG, DELFN,
DEISFC Normally input as 1.0 unless a correction is desired

~(1)

TIALE=2 A title card must follow after the input data for
this point (see below)

A title card must be input immdiately after the first point of the

data pack and ITITLE must be set equal to 1 in the data for the first

point. This is because a title is always printed for each point and

must therefore be previously defined. The input format for the title

is 12A6 and the resulting 72 spaces are centered on the page when

printed out. The title may be changed by setting ITITLE=l and inserting

a new tite card after the Namelist data for the point.
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Off-DesiRn Operation

Shown in the sample input listing are methods of specifying off-design

operation points. The user inputs the appropriate control parameters,

Mach number, altitude and power setting other than design values (power

setting being a value for T4, PCNC, PCNF, or WFB).

If the engine has all its nozzles fixed, then an input such as T4

or shaft speed will set the thrust level. Other means of changing

engine operation can be accomplished by varying nozzle throat areas A8

znd A28. For example, an off-design condition may exist where the

operating point lies outside the limits of the block data input for

a component map such as the fan. A nozzle throat area change could

A return the operating point back on the input map. It should be noted

that an area remains changed until it is recalculated by a new design

case or altered by a new input.

The nozzle exit area (A9 and/or A29) may be floated to obtain full

expansion of using NOZFLT=l, 2 or 3 for non-afterburning cases.

To run duct burning (fan stream only), cases load ETAD, and

either T24 or WFD. To run afterburning, cases load ETAA, T7 or WFB.

When such a point is run, the exhaust nozzle areas are allowed to float

to obtain optimum expansion. This means that there can be no balancing

at the point, and it is necessary to prebalance the engine cycle in a

nonaugmented mode. That is, an identical point, except that it is

nonaugmented must be run before either afterburning or duct burning.

When either IAFTBN or IDBURN is greater than zero, the program will

automatically set INIT-l and use the balanced values from the preceding

point. The nozzle areas are returned to their original values after

completing an augmented point. Some examples of afterburning are given

in the sample data listing.
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SECTION VI

SUBROUTINE DESCRIPTIONS

A fJ chart of the computer program with the subroutines is shown

in Figu 5. Listed here are brief descriptiuns of the subroutines.

TRISPI, Dummy main program to initiate'the calculations

and cause the input of the controlled output variables.

Because of the looping between subroutines, control

is never transferred back to this routine.

ENGBAL Main subroutine. Controls all engine balancing

loops, checks tolerances and number of loops and

loads matrix.

MATRIX Solves error matrix

INPUT Reads Namelist data and title. Prints title

ZERO Zeroes common and certain controls

COINLT Determines ram recovery and performs inlet calculations

ATMOS 1962 US Standard Atmosphere table

RAM-1 Calculates ram recovery defined by MIL-E-5008B

Specifications

GUESS Determines initial values of independent variables

(PCNF, PCNI, PCNC, and T4) at each point. It may be

desired to change these equations to suit a particular

engine. The closer the initial values are to the

final values, the faster the program will balance.

COFAN Uses BLOCK DATA to perform fan calculations

COINTC Uses BLOCK DATA to perform intermediate compressor

calculations.
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COCOMP Uses BLOCK DATA to perform high-pressure compressor

calculations. Calculates ERR(7).

COCOMB Uses BLOCK DATA to perform combustor calculations.

May use either T4 or WFB as the main parameter.

COHPTB Uses BLOCK DATA to perform high-pressure turbine

calculations. Calculates ERR(l) and ERR(2).

COIPTB Uses BLOCK DATA to perform intermediate turbine

calculations. Calculates ERR(S) and ERR(9).

COLPTB Uses BLOCK DATA to perform low-pressure turbine

calculations. Calculates ERR(3) and ERR(4).

FRTOSD Dummy routine to transfer values from common FRONT

to common SIDE.

CODUCT Performs duct and duct-burning calculations. May

use T24 or WFD as the main parameter for duct

burning. Controls the duct nozzle and calculates LRR('-

if in separate-flow mode.

FASTBK Duamy routine to transfer values from common FRONT

and SIDE to common BACK.

COMIX Performs gas mixing calculations if in mixed flow

mode. At design points it calculates areas from

either an input static pressure (PS55) or an input

Mach number (AM55) if PS55=0. Also, an option

exists where afterburner entrance area A6 is

calculated as a function of an input afterburner

entrar-e Mach number AM6 at the desi.gn

point. At off-design points it calculates static
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pressures and Mach numbers from the design areas.

Calculates ERR(5) if in mixed-flow mode.

COAFBN Performs afterburning calculations. May use either

T7 or WFA as the main parameter.

COMNOZ Controls the main nozzle and calculates ERR(6).

PERF Calculates performance after engine is balanced.

OUTPUT Prints output except for controlled output. Prints

the main commons in a close format after each point.

CONGUT Controls and prints the controlled output variables.

ERROR Controls all printouts if an error occurs. Prints

name of subroutine where error occurred and also

prints the values of all variables in the main commons.

SYG Controls printing from UNIT08. Throughout the

program and particularly in ENGBAL, certain

messages, variablen, and matrix values are written

on UNIT08 as an aid in determining why an error

occurred or why a point did not balance. These

values are printed out if subroutine ERROR is

called and IDUMP is greater than zero, or after

a good point if IDUMP-2.

TAPES Defines UNIT08, which is just a "scratch" disk

and does not require a $SETUP card. Normal

input and output are on UNIT05 and UNIT06,

respectively.

THCOMP Performs isentroiic calculations for compressors.

THTURB Performs isentropic calculations for turbines.

THERM0 Provides thermodynamic conditiona using PROCOM.
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PROCOM Calculates thermodynamic gas properties for either

4 air or a fuel-air mixture, based on JP-4.

SEARCH General table lookup and interpolation routine to

obtain data from Block Data routines.

MAPBAC Used when calculations result in values not on the

turbine maps. Changes the map value and an

independent variable (PCNF, PCNC or T4) in an

attempt to rectify the situation.

CONVRG Performs nozzle calculations for a convergent nozzle.

CONDIV Performs nozzle calculations for a convergent-divergen:'

nozzle.

AFQUIR General quadratic interpolation routine.

CIBDAT Block Data for combustors.

FANDAT Block Data for fan.

INTDAT Block Data for intermediate compressor.

CMPDAT Block Data for high-pressure compressor.

LTURB Block Data for low-pressure turbine.

ITURB Block Data for intermediate turbine.

HTURB Block Data for high-pressure turbine.
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SECTION VII

PROGRAM L'.TING

The following is a complete listing of all subroutines required

to run TRISPL.



-7 *1A7

PROGRAM TRISPL(tNPUTOUTPUTTAPE5:INPUTTAP6=.OUTPUTgTAPE8)
COMMON /PITIAP
IDATPT=D
CALL CONOUT(lP
CALL ENGBAL
ST OP
ENO0
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SUBROUTINE F"GBAL
COMMON I id~L

INO RD 91IES IJOES ,KOES , MODE , INIT tIOUP4P ,IAMTP t
2 IG ASMXI1138URN, IAFTBN, IDCD ,IMCO ,IOSHOCIMSHOCNOZFLT,
31TRYSLOOPERgNOMAPNUMNAPMAPEDG,1OLALLERR(9)
0IqMONOES IGN/
MiP7ZU ,PCNIGU ,PCNCGU ,T4GU ,OGjMDl ,OELFG qOELFN ,DELSFC
2ZFDS ,PCNFDS ,PRFDS ,ETAFDS jbiAFDS ,PRFCF ,ETAFCF IWAFCF
3ZIOS ,PCNI0S ,PRIOS ,ETAIOS 0AN'XS ,FiklCF tETAICF ,WAICr
4ZCOS ,PCNCO3S ,PRCOS ,ETACDS ,~ACOS ,PRCCF ,ETACCF ,WACCF
ST40S ,NF6DS ,OTCOOS ,ETABOS ,NA3COS ,DPCOOS ,0TCOCF pETAI3CF
6TFHPOS ,CNIIPDS ,ETHPOS ,TFHPCF ,CNHPCF ,ETHPCF ,0HHPCF ,T20S
7TFIPDS ,CNIFOS ,EY1POS ,TFIPCF ,ChIPCF ,ET!PCF ,OHIPCF pT21D5
8TFLPDS ,CNLPOS ,ETLPOS pTFLPCF ,ChLPCF ,ETLPCF ,DHLPCF ,T220S
'3T240S ,WFGDS ,0ODUDS ,ETADOS ,WA23DS ,OPDUOS ,0TOUCF ,ETADCE
AT7OS ,NFA0S ,OTAFOS ,ETAAOS ,WG6COS ,DPAFOS ,DTAFCF 9ETAACF
BA5S 5 A25 IA6 ,A7 9A8 tA9 ,A28 p A-29
CPSSS5 9AM55 ,CVDNOZ 9CVMNOZ tASSAV ,A9SAV ,A28SAV ,A29SAV

COMMON/ FRONT/
li tP1 tH1 oSi ,T2 tP H2 ,S2
2T21 ,P21 9 H21 tS21 ,T22 OP22 qH22 ,S22
31T3 9 P3 tH3 PS3 ,T P4 9H4. 9S4
4T45 qP45 PH45 ,S45 ,T p H5 ,s5
5T55 ,P55 9 H5 5 5 9LF 9BLI v8LC ,8LOU
6CNF PPRF 9ETAF ,WAFC ,NAF ,BLDUI tBLOUC ,8LOB
7 CNI PR I ,ETAr pNAIC ,NAI tBLOBI ,BLOBC , WA3
SCNC ,PRC 9ETAC ,HACC ,NAC ,ETAB ,DPCOM ,WG4
SCNHP ,ETATHP ,OHTCHP ,OHTC ,BLHP ,BLHPI ,8LHFC ,FAR4
ACNZP ,ETATIP ,OHTCIP ,0HTI ,9LIP ,8LIPI ,BLIPC ,DUMF
BCNLP ,ETATLF ,DHTCLP ,DHTF ,BLLP pBLL PI ,BLLPC ,CS
CNG45 ,FAR45 ,HG5 ,FAR5 ,IiG55 ,FAR55 ,HPEXT ,AM
OALTP ,ETAR ,ZF ,PCNF ,ZI ,PCNI1 ,ZC VPGNC
EkFB tTFFHWl qTFFIP ,TFFLP ,PCBLF ,PCB!LI ,PCBLC ,PCOLOUI,
F PC OLOUC 9PC BL 08 IM8 C tPCBLHP I tPCBLHPC tPC8L IPI tPCOLxpIP CBL Lp P

co IH 0N/ SIDE/
IXPI ,XWAF ,XWAI ,XWAC ,XBLF ,X8LDU ,XBLOUI ,XBIOUC
2*122 ,Xt13 ,XT21 ,XP21 ,XH21 ,XS21 OUMS1 ,DUMS2
3T23 qP2a 9H23 PS23 PT24 ,P24 fH24 t2
4T25 PP25 9H25 PS25 vT28 9P28 9 H28 t
5T29 ,P29 VH29 fS29 ,OUMS3 ,UUNS4 ,OUMS5 tDUMSIE
6WEAD ,WF0 ,NG?'t ,FAR24 tEIAU ,OPOUC ,BYPASS ,DUMS7
7 TS 28 ,PPS28 , V28 ,AM28 PTS29 ,PS29 ,V29 ,AM29
COMMON B ACK/

AXT55 ,XP55 ,XH55 9XS55 ,XT25 ,XP25 ,XH25 ,XS25
XXWFB 9XING55 ,XFAR55,XWFO ,XWG24 , XFAR249,XXPI ,OUWB
3T6 OP6 9H6 9S6 ,T7 oPr pH7 PS?

4T8 oPe ma8 qS8 9T9 q pqtgq IS9
SbEG6 IWFA ,WG7 #FAR? , ETAA ,OPAFT , V55 ,V25
6FS6 9V~6 VA#16 ,TSr ,PS7 , V7 ,AM7 ,AM25
I TS8 6 PS8 tVa ,A?18 ,TS9 ,PS9 ,V9 fAM9

8 ,A FRD qVJ2 ,FGMO , VJM , FGM ,FGPD , FGPM
9g:rl tFGP ,WFT ,WGT ,FART *FG ,FN ,sFc

0IMENSI00 DELSAV(9)
DIMENSION VAR(9),OEL(9),ERRB(9),OELVAR(9),EMAT(t9),VMAT(9),
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-' F -7977 n 77 -- 7

i AM AT ( 9)
DATA OELSAV/9*o01/
DATA AWORD/6HENGBAL/
DATA VDELTA#VLIP.,VCHNGEPlIOMISX/

1. OoD00,10,Q.85094/
C DATA DEL/940,/

CALL INPUT
IF(INIT.EQ*I) GO TO 50
TFFIP=TFHPOS
TF FHP T F HP S
TFFLP=TFLPOS

50 LOOPER=O

NOMISS~o
i LOOP=0

HI SMAT=O
NOMAP=G
IG 0=2
00 2 I=109

VMAT CI)=0.
AM AT (1) =0,
DE LVARC!) zCo

2 EMAT(IL)=0.
3 LO OWERLOCOPE R+1

CALL COFAN
WORD=AWORD
IFCLOOPER*GT*ITRYS) GO TO 20
IF(NOMAPoGT*0) GO TO i
NU MM AP=0

55 VARCi)=ZF'100.
IF(MOOE.NE.3) VARC2)*PCNF
IFCMOOE.EQs3) VARC2)aT4/la.
VARC3)=ZC*100*
IF(MOOEoNEei) VARC4)=PCNC
IF-(MODE*EQ*.) VAR(4)=T4/i0.
VAR(5)=TFFHP
VAR(6):TFFLP
VAR(7)=Z1100o
YAfR(8)=PCNl
YAR(9)=T' F IP
00 4 I=igg
IF(A8S(ERR(I))*GT*T~li.ALL) CO TO 5

4 CO W~r 1NU E
CALL PERF
CALL ERROR

5 IF(LCCP.GT*01 GC TO 7
MAPF0G=0
MAPSET~fl
00 6 Izi,99

6 0EL(I)=4DEL7;*VARMI
GO TO 9

7 IF(N1SMATvGTc0) GO TO 30
IF(HAFCOG.EQ *) GG T'O 70 3



MAPEDG=0
M'4SET1-
VAR (LOOP)= VAR (LOOP) +2e'OEL (LOOP)
GO TO 10

To F(NAPSEToEQ.0) VAR(LOOP)=VAR(LOOP).DEL(LOOP)
70iFWHAPSET.EO.11 VAR(LOOP)sVAR(LOOF)-DEL(LOOP)

NAPFET=O
00 6 IZ1,9
IF(0EL(LOOF).NlE.0.) DELSAVCLOOP)zOEL(LOOP)
IF(OEL(LCOF) .EQ.o.) OEL(LOOP)=DELSAV(LOOP)

a EttAT ( I vLOOF) x(E RR (I) -ZR R M DEL (L (OP)
9 LOCP=LL0OP41

IF(LOCPoGT*9) GO TO £1
VAR(LOOP)=VAR(LGOP) 'DEL fLO0P)

10 ZFzVAR(1),fl0Q*
IF(MOOE*NE*3) PCNF=VAR(2)
IF(NOOEoEQ*3) T4=VARC2)*10o
ZC =VAR (3).'100.
IF(NOOE*NEe1) PCNC=VAR(4)
IF(HOOEoE..1) T4=VAR(4)'109
TFFHP=VAR (5)
TFFLP=VAR(6)I
PCH14=VAR (8)
TFFIP=VAR C9)
IF(ZW'.LT*0.) ZF=0.05
IF(ZI3LT,.On) ZI=0.05
Vt(ZC*LT*Qod ZC:0*05
GO~ TO (i,3),IGO

ii 00 £2 I110
£2 AM AT (X)=-E RRS (I

00 14 I=1,9
IZERO0
00 13 LOOP119

£3 IFCENAT(IqLO0P).,EQ.Q.) IZERO=IZERG+i
IF(IZERO*Luoq) GO TO 14
WUITE(6tio0)I
LOOPER=ITRVS*IgG

GOTO0 20
14 CONTIN~UE

IZERO*O
00 15 119

I5 !F(EHAT(ILOCP) .EQ*0o) IZERO=IZERC41
IF(IZEROaLT*9) GO TO 16
WR ITE 16 v10 1)LOCP
LOOPER=I:TR YS+10 0
GOTO 20

Is CONTINIUE
1? CALL tATRlX(E4.ATtVHATqAV1AT?

L8 I G*0

A8SWAR=zA8SfVMAT(0)
W~lA8SSARaLEVLI 'VARfL)) GO TO 18
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IF (AE3SVA,'*LE VARBIG) SO TO 18
LB IGzL

18 CO Ni'lNUE

19 (L 8IG oGT aO VRATXO=VLIM#VAR(LBIG)/VAR83IG
ERRAVECt.0

DE LAV~E=0 0
00 19 L=199
DELVAR(L)=YRArIO4VMArQL)
ERRAVE=ERVEsA6S(AMAT CL))
VM TA V=VHt A VE .A S( VMAT(1) )
0ELAVE=DELAVEAES(OELVAR(L))

19 VAR( L)=VARC(L)+DEI.VAR(L)
ERR,%VE=ERRAVE;9*
VMTAVE=VMT AVE/9.
CELAVEDEFL AVE/9o
IF (IISMAT GT 90) GO TO 32
IF (N OPISS* EO.90 MIS1AT=1
IF(MISHAT.EQ9O) IG021

20 WRITE(8,102) LOOPER
00 21 1=19

*21 WRITEC8t103) AtAT(I)(EAT(IL3L=1,)VMATUZJODELVAR()VMP~
WRI1'E(89104) ERRAVEVMTAVE,OELAVE

22 IFlLOOWPER.LTeITRYS) GO TO 10
CALL ERROR
RETURN

30 VMTAVX:V&ITAVE
00 31 1:19

43± AM AT (D=-E SR (D
GO TO 1?

32 WRITE;891O5) *MATERRAVEOELVARpOELAVEWM1ATVMTAVEVAiR
MI SMAT=M S PAT +
IF (VMTAVE,LTeVCHNGE-IVMTAVX) GO TO 22
iR IT E(8, 109
IFUIISMAT*LT*NONISXf NOMISS-i
MISMAT=P
LOOP20O

GO TO 55
.100 FORtMT(4HaROh,12rl6H IS ZERO IN EMAT)
±0± FQRMAT(7H0C0LUMNI2vi6H IS ZERO IN EMAT)
102 FOR14AT(7HO !ERRB,3X23HERROR MATRIX AFTER LOOP,14,3lX4HVMATt

i6X6tIOELVAR t7)(OHVARIABLESS)
163 FORMAT(lHOF7.3,9F9.3y4XF9.3t3XF10.4,4XF14 .4)

104 FORt4A7(iH0,F8,l.,32X1'.HAVERAGE VALLES,31X,2Fli.4:-TH%2S$$
105 FORMAT (12HC-aa-- AMAT, ±0Fll*6p6HSSS$St,

£4 12H ---.. OELVARvIOFll#6,6HISStSS,
2tt 12MVMAT,1OFll*G6HSSt$i

2/, 12H - VAR19F11.E966MSS$
lb FQRMAT(lH0#5&Y22HCHANGE TOO SMALLSSSSS)
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SUBROUTINE INPUT
DIMENSION TIT#L.E(12.t
COMMON /POINT/IDATPT
COMMON I AtL./

1.WORD ,IOES ,JDES 9KOES ,MODE ,INIT ,IDUHP ,IAHTP 9
2IGASMXtIoBURNIAFTBNv!DCD ,IMCD ,!OSHOCIMSNOCqNOZFLT,
3ITRYSLOOPERHOMAPNUMNAPNAPEOGTOLALLERR(9)
00 MMON/D ES IGN/

IPCNFGU ,PCNXGU 9PCNCGU ,T4GU ,DUMOI1 ,DELFG ,OELFN PDELSFCsa
2ZD PC HFO RF OS 9TA~FOS ,WAFDS 9PRuFrC 9ETACF AFr

3ZIOS ,PCNIOS ,PRIDS ,ETAIOS ,NAIOS ,PRICF ,ETAICF ,WAICF

4ZCOS ,PCNCDS 9PRCOS ,ETACDS ,h*CDS ,PRCCF ,ETACCF ,WACCF I
ST40S ,WFecs ,DTCOOS ,ETABOS ,ND3CDS ,DPCODS ,DTCOCF ,ETABCF
6TFHPOS 9CNI4POS ,ETHPOS ,TFHPCF ,CNHPCF ,ETHPCF ,0HHFCF ,T20S
?TFIPOS ,CNIPOS ,ETIPDS ,TFIPCF ,CI4IPCF ,ETIPCF ,DHIPCF T2105
OTFLPOS ,CNLPc3S ,ETLPDS ,TFLPCF tCNLPCF ,ETLPCF ,OHLPCF tT220S
97240S tWFOOS ,0TOUDS ,ETAODS ,WA23tS ,OPODS ,0TDUCF 9ETAOCFI
AT7OS ,WFACS 90TAFOS ,ETAAOS tWG6COS ,OPAFDS ,DTAFCF ,ETAACF
BA55 9A25 9A A7 pAd 9A9 tA28 9A29 I
CPS 55 ,AM59 ,CVDNOZ *CVMNOZ lAOSAV ,A9SAV qA28SAV ,A29SAV

COMHONI FRCNT/
iTl fPl In1 ,SI ,T2 ,P H S2
i2T21 sP21 ,H21 ISU ,T22 pP22 PH22 IS22
3T3 9 P3 IH3 ,S3 ,T4e ,P4 9H4 )S'.
4T45 PP4 04 5 S45 ITS IP5 tH5 ,S5
5T55 9 P55 IH55 tS55 9 BLF PBLI t9LC ,OLOU
6CNF ,PRF ,ETAF ,WAFC ,WAF ,BLDUI ,BLOUC tBLOB8
ZONI ,PRI 9ETAI ,WAIC ,wAI tBLOBI ,8LOBC ,WA3 I
SCNC 9PRG ,ETAC ,WACC ,HAC ,ETAB ,OPCON ,NG'
9CNHP ,ETATHF ,0HTCMP ,OHTC ,OLHP 98LHPI ,BLHPC ,FAR4
ACNIP ,ETATIP ,0HTCIP ,DHTI PBLIP ,BLIPI ,BLIPC ,DUMF
13CNLP ,ETATLP ,OHTCLP ,OHTF VBLLP v8LLPI ,BLLPC ,CS
CWG45 ,FAR45 ,WG5 ,FAR5 ,WG55 ,FAR55 INPEUT ,AM
OALTP ,ETAR ,ZF ,PCNF ,ZI ,PCNI IZC ,PCNC
(ifS ,TFFHF ,TFFIP ,TFFLP ,PCBLF ,PCOLI ,PCBLC tPCt3LOUI,
FPC8LODUCt FCeLCBI IPCBLOBC IPCBLHF 19PC8LHPCPPCBLIFIs PCBL IPC tPCBLLPI t
GPO BLLPC

COMMON4/ SIDE/
I Xpi 9XlWAF ,XWAI ,XWAC ,XELF ,X8LOU ,XBLDUI ,XBLDUC
2XH22 , XH3 ,XT21 ,XP2I ,XI-21 PXS21 ,DUMSi ,DUMS2
ST23 ,P23 qH23 tS23 914 P24 PH4 42
4T25 vP25 IH25 ,S25 ,tu8 VP6 H28 vS28

ST9 #2 H29 qS29 pOLMS3 9DUMS4 ,OUMS5 ,OUtIS6
6HAD ,WFC ,WG24 ,FAR24 ,ETAD ,OPDUC ,BYPASS ,DUMS7I
?TS28 oFS26 ,V28 ,AM28S ,1S29 ,PS29 PV29 ,AM29
COMMON / 6ACK/
XT55 IXP55 01055 ,XS55 9XTk5 pXP25 ,XH25 ,XS25t
XXWF ,XwGm IXFAR559XWFO PXWG24 tXFAR249XXPI ,DUMB
3T6 ,P6 ING ,S6 IT PT IN? IS f
48 ,1pa INS ISO ,T9 oP9 ,IM9 PS9
5WG6 tt4PA P146? ,FAR7 ,ETAA ,OPAFT qV55 ,V25 I
6PS6 tVfi ,AM6 ITS? InS? PVT *AM? ,AN25
SA ,FRO IvaO ,FMO ,VJM ,FPtI ,PO 9AGM
?TSS ,PS8 IVOD vFAM ,1S9 ,PS9M ,P FGFM I
9FGM I ,F '3P pWFT ,NGT v.PART tFG qFN ,SFC
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NAMELIST/OATAIN/ IEND,
AITITLE tIOES ,NODE vINIT ,ICUtqP ,IAMTP ,IGASNX
BIOBURN ,IAFTBN 9 IVSO tLCO ,NCZFLT ,ITRVS ,TOLALLq
CZFOS ,PCNFOS ,PRFDS ,E7AFDS ,WAFOS ,PRFCF ,ETAFCF ,WAPCF
oziDs tPCNIPS ,PRIDS ,ETAIOS 9WAIDS ,PRICF ,ETAICF ,WAICFEZCOS ,PCNCCS ,PRCDS ,ETACOS , PRCCF ,ETACCF ,WACCF
FT40S ,WFEOS 90TCODS ,ETA8OS ,WA3CDS ,OPCOOS PDTCOCF ,ETABCF,
GTFHPOS ,CN14POS ,ETHPOS ,TFHPCF ,CNHPCF ,ETHPCF ,DHHPCF ,T2DS f
HTFIPOS ,CNIPOS ,ETIPDIS ,TFIPCF ,CNIPCF 9ETIPCF ,OHIPCF ,T21OSI
ITFL.PCS ,CNLPCS ,ETLPOS ,TFLPCF ,CNLPCF ,ETLPCF ,DHLPCF ,T22DS
JT24.DS ,WFt2OS ,OTOUDS 9ETAOOS ,WA23DS PDUDS ,DTDUCF ,ETADCF,
KT7DS ,WFADS ,DTAFOS ,ETAAOS ,WG6COS ,0PAFDS ,0TAFCF ,ETAACFt
LA5 5 9A25 ,A6 tA7 ,Aa 9A9 tA28 9A29 s
MT2 9P2 9T4. ,ZF ,PCNF ,ZI ,ZC ,PCNC f
NWFB ,TFFHP ,TFFIP ,TFFLP ,AM ,ALTP ,ETAR ,HPEXT
OPCBLF ,BLF ,PCBLI ,BLI ,PCBLC ,BLC ,PCBLOUIPCBLDUC,
POLOUI , BLODUC ,PCBLOBIPCBLOBC,9LoBI ,BLOBC ,PCBLHPIPCBLHPC,
QPCBLIPI, PC6LIPC PCBLLrI tPCaLt.PC9LHPI ,BLHPC ,8LIPI ,BLIPCI
RELLPI ,BLLPC vPS55 ,AM55 ,AP-6 ,T24 ,ETAO ,WFD
S T7 ,ETAA ,WFA ,CVONOZ 9CYJNNOZ ,DELFG ,OELFN ,DELSFC
DATA IENO/O/

C ITITLE=. hILL READ IN TITLE
C IDES =1 FOR CALCULATING DESIGN POINT
C MODE =0 FOR CONSTANT T4.
C M ODE =i FOR CONSTANT PCNC
C *'MODE =2 FOR CONSTANT WFB
C MODE =3 FOR CONSTANT PCNF
C ''INIT =1 WILL NOT INITIALIZE POINT
C "'IDUMP =t. WILL DUMP LOOPING WRITE-OUTS IF ERRCR OCCURS
C *'IDUMP -2~ WILL DUMP LOOPING WRITE-OUTS AFTER EVERY POINT
C IAMTP =0 WILL USE INPUT AN AND NIL SPEC ETAR
C ~'IAMTP =1i WILL USE INPUT AN AND INPUT ETAR
C IAMTP =2 WILL USE T2 AS TI=Tl+T2 AND STANDARD P1
C I IAMTP =3 WILL USE P2 AND STANOARC 'ri
C '~ItMTP =4 WILL USE T2 AND P2
C IGASMX=0 SEPARATE FLOW, A6=A55
C I GASMX=1 WILL NIX DUCT AND MAIN STREANS, A6=A25eA55
C "'IGASMX=2 IWILL MIX DUCT AND MAIN STREANSINPUT AM6
C "'IOBURN~1 FOR DUCT BURNING, INPUT T24.
C '~IDBURN=2 FOR DUCT BURNING, INPUT WFO
C IAFTBSNi FOR AFTERBURNING, INPUT T7
C IAFIBN=2 FOR AFTERBURNING, INPUT WFA
C ''IOCO =1 CUCT NOZZLE WILL BE C-0

C NOZFLI=i FOR FLOATING MAIN NOZZLE

C hOZFLT=2 FOR FLOATING DUCT NOZZLE
C NOZFLT=3 FOR FLOATING MAIN AND DUCT NOZZLES
C ITRYS =K IUMEER CF PASSES THRU ENGINE BEFORE QUITTING

CATA AWORU/6H INPUT/
IOATPT=ICATF7+1
CALL ZERO
NO RO=WO RD
READ(5,OATAIN)
IF(IEND3.NE.0) STOP
CALL REMARK(14HNEW DATA POINT)
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IFCIAFT83NoGT*O.OR*IDBURNoGT*0) INIT=l
IF(ITITLE*EQ*1) READ(S,10l) TITLE
ITITLEz0
NRITE (6910 2) TITLEI
IF(NOCE*EQ*0) WRITE(S,1033 IDEStAl~tALTPtT4 ,124#T?
IF(MOOE*E~o.) WRITEI~,10'. IDESgAMALTPtPCNCT247
IF(HOODEeEQ *2) WRIYE(6,1O5) IOESANALTPvWFB ,T24vT7
IFCNOCEoEQs3) WRITE(6,116) IDESAXt,ALTPPCNFT?49T7?
CALL COINLT
RETURN

101 FORMAT (12A 6)
102 FORMAT(II,30Xl2A6)
103 FORMAT (1HO97 H IDES=,13,1OX7H ANzF?.3t6X?4 ALTP=,F1.Ol

IO6X7H T4=,FO*295XH T24=tF8e2,SX7H T7=vF.296HSSSSSS)
104. FORMAT(HO,7 IDESz,13,IOX7H AN3,F?o3,6X7H ALTP=,F7.O,

1EXTH PCNCtFS.3,5XH T24=9F8.2,5XH T~zFS.2vGHS$$SSS)
£05 FORMATClMU97H I0ESx,13,IOX7H AN=,F?.3p6X7H ALTPpF7'O,

i.bXH WFB,=F8.4t5X7H T24sF8o2,SX?M T~z9FO.296HSSS~ss)
106 FORNAT(IHO97H IDES,1l3,IOX7H ANtF?.3,6XTH ALTP:,F?*O,

1.GXH PCNF=,F8o3,SX7H T24=PF8.2,5X7H T7=9F8*2vGHS$$SSS)
END
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IMIf

SUBROUTINE ZERO
COMMON / ALL/

lhORO ,IOES ,JOES ,KOES ,MOOE ,INIT ,IDUMP lIANTPt
21GASMiXI0BURNvIAFT8NqIOCD ,IMCD PIDSHOCtIMSSiOCNOZFLT,
3ITiRYSLOOPERNOtAPNUMMAPMAPEOGTOLALLERR(9)

COMIMON/ FRONT/
ITt ,Pi PHI PSI ,T2 ,P2 PH2 ,S2
2T2i 9P21 #H21 9S21 9T22 #P22 ,H22 9S22
3T5, ,P3 ,t43 ,S3 tT4 qP4 PH4 PSL4
4T'45 P4 5 v 4 ,S45 PTS fp H5 PS5
5T55 IP55 vH55 qS55 ,OlLF ,BLI ,BlLC ,BLOU I
6CNF ,PRF 9ETAF ,WAFC ,WAF qBLDUI ,BLOUC ,8LOB
7'CNI ,PRI ,ETAI ,WAIC INfl ,OLOBI ,8LOBC ,NA3 f
8 BCNC ,PRC ,ETAC; ,WACC; ,NAC ,ETAB ,DPCOM ,NG4
9CNHP ,ETATHP ,O0HTCHP ,DHTC ,BLHP ,B3LHPI ,BLHPC ,FAR4 I
AGNIP ,ETATIP ,OHTCIF ,DHTI ,8LIP ,8LIPI ,BLIPC ,DUMF I
BCNLP ,ETATLP ,0HTCLP ,0HTF ,8LLP ,BLLPI ,8LLPC 9CS I
CWG45 ,FAR45 ,iNGS ,FARS ,NG55 ,FAR55 ,HPEXT ,AM
DALTP , ET AR ,ZF ,PCNF ,ZI ,PCNI ,ZC ,PCNC P
EWF8 ,TFFHF ,TFFIP ,TFFLP ,PCBLF ,PCBLI ,PCOLC ,PCOLOUI,
FPC BLOUCt PCBLCBItPCBLOBC9 PCBLtIPI, PCBLHPCtPCBLIPI# PC8L IPCP PCBLLPII
GFCBLLPC
COMMONd/ SIDE/

ixPI ,XWAF qXWAI ,XWAC ,XSLF ,X'iLOU ,XBLOUI ,XEILOUC
2 XH 22 ,XH3 ,XT21 , XP21 9Xh2l , Y3S21 ,OUMSi ,OUMS2
3T23 vP23 9H23 PS23 IT24 90'24 PH24 PS24 I
4T25 9P25 9H5 S25 ,T28 PP28 9H28 9S28 I
5T29 ,P29 ,H29 PS29 ,DUMS3 ,OIUMSL. ,OUMS5 ,OUMS6
6WAU lWF0 IWG24 IFAR24. ,ETAO ,DPOUC ,BYPASS ,OUMS7 t
ITS28 9PS28 02ae ,AN28 ,TS29 OPS29 PV29 9AM29
COMMON / eACK/
X XT 55 ,XP5 5 XH55 ,XS55 9XT25 ,XP25 9 XH25 IXS25 I
XXWFB ,XWG55 ,XFAR55,XWFO tXWG2. 9XFAR24,XXPI ,DUM8
376 lP6 PH6 9S6 9T? tPT ,H7 ,S7 I
4T8 ,P8 9H8 ,Se 9T9 PP9 tH9 PS9
5frG6 , WFA ,WG7 ,FAR7 ,ETAA ,0PAFT ,V55 ,V25
6 PS6 9V6 PAt46 ,TS7 ,PS7 ,VT ,AM7 tAM25
7TS8 ,PS8 ,Va PAN8 ,TS9 ,PS9 9V9 PAH9 t
8VA ,FRO ,VJO ,FGMO ,VJM IFGMM ,FGPC ,FGPM
9FGM 9 FGP ,WFT ,WGT ,FART ,FG ,FN ,SFC
DIMENSION ZI(94),Z2(56),Z3(72)
EQUIVALENCE (Zi~i),Ti),(Z2(i),XFI),(Z3(1),XT5S)
DATA ISTARTI/
ISTART=ISTART~i
IOES:O
JDESzO
IN I 0
IOBURN=9
IAFTBN=0
IOSHOC=3
IMSHOC:3
IF(ISTARTNE*i) GO TO 4

C*** ZERO FRONTSIOEAND BACK INITIALLV TO PREVENT COG 6600 MODE ERROR:,
00 5 I=1994

5 ZX(I)=0.
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00 6 1=1,56
6 Z2 (I)0.

00 7 1=1,72
7 Z3 (I)0.G

CALL SYGtI)
RETURN

4. CONTINUE
T2Q*T2

00 1 I1994
I ZitI)0.*

00 2 1=1996
2 Z21I)zOo

00 3 Iz1,72
3 Z3(11=00

12 IT 20

P2zP20

CALL SYG(1)
RETURN
ENO0
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SUBROUTINE CCINLT
COMMON / AL.L/

iWORD ,IOES ,OES ,KDES ,MODE ,INIT ,IOUNP vIAP.TP t
2IGASMXIDBURNIAFTBNIOCO ,IMCO ,IDSHOCIMSHOCNOZFLT,
311 RYS ,LOOPERNOMAF, NUMNAPMAPECGIOLALLERR(9I
CON 0 N/D ES IGN/

£PCNFGU ,PCNIGU PCNCGU ,T4GU ,OWIO1 ,OELFG ,OELFN ,DELSFCI
2ZFOS ,PCI4FOS ,PRFDS oETAFOS ,NAFOS ,PRFCF ,ETAFCF fWAFCF t
3ZIOS ,PCIDIS ,PRIDS sETAIOS ,WAIDS ,PRICF ,ETAICF vWAICFI
4ZCDS ,PCNCOS ,PRCVS ,ETACOS ,WACODS ,PRCCF ,ETACCF ,WACCF q
5T40S ,WFBOS ,toCOOS ,ETA8OS 9NA3COS ,OPCOOS pDTCOCF ,ETA8CFp
6TFHPOS tCNHPOS ,ETHPOS ,TFHPCF ,CI4HPCF ,ETHPCF ,OHHPCF ,T2OS f
7TFIPOS ,CNIFOS ,ETIPOS ,TFIPCF ,ChIPCF ,ETIPCF ,ONIPCF ,TZ1OSI
8SWIPOS qCNLPOS ,ETLPOS PTFLPCF ,CI4LPCF ,ETLPCF ,OHLPCF ,T220S
9T240S ,WFUCS ,0ODS vETAOOS 9NA23DS ,DPDUDS ,0TOUCF ,ETAOCF
AT70S ,WFADS ,OTAFOS ,ETAAOS ,WG6CDS ,0PAFDS ,OTAFCF ,E'TAACF
BA55 PA25 IA6 ,A? 9AS 9A9 pA28 9A29
CPS55 A955 ,CVONOZ ,CVNNOZ ,AaSAV ,A9SAV PAZ8SAV ,A29SAV

COMMON/ FRCNT/
ITI 9PI PHI tSt ,T2 qP2 ,H S2
221 qP21 ,1121 PS21 PT22 PP22 IH22 *S22 t
3T3 9P3 ,H3 tS3 ,T'O ,P4o H4 PS4
4T45 ,P45 qH4S ,S45 Tsp H5 5
5T55 tP55 vH55 IS55 ,BLF A6LI ,BLC ,BLOU
6CNF ,PRF ,ETAF ,NAFC ,WAF ,BLOUI PBLDUC ,8LOB
7CNI ,PRI ,ETAX ,WAZC qwDI ,8LOSt ,8LOBC ,WA3
8CNC ,PRC ,ETAC ,WACC ,WAC ,ETAB -DPCON ,WG4 I
9CNHP ,ETATHP ,OHTCHP ,OHTC f8LHP ,OLHPI ,8LHPC ,FAR4 f
ACNIP ,ETATIP ,OHTCIP ,DHTI ,DLIP ,OLIPI ,8LIPC ,OUIIF I
BCNLP ,ETATLP ,OHTCLP ,ONTc ,SLLP ,Bl.LPI p8LLPC sCS
CO'G45 OFAR45 qWG5 ,FAAi 9WG55 ,FAR55 ,HPEXI ,AM
OALTP ,ETAR ,ZF ,PCk, ,ZI ,PCNI ,zc; *PCNC

,W TFFHP ,TFFIP ,TFFLP ,PCBLF ,PCBLI ,PGBLC ,POSLOUL,
FPCBLOUCPCBLOBIPCBLQ8CPCBLHPIPCBLHPCPCBLIPIPCOLIPCPC8LLPI,
G PC 81 PC
DATA AIORO/6tCOINLTi
WORO=AWORD
AJ17 8.26
G32.17404
ALT=ALTP42.O855531E4O?/(2.085553lE*O?-ALTP)
CALL ATMOSCALTTiXXiXX2tXX3,PICSXX4,IIER)
IF(lAPTP.EC.2) TI=T1+T2

t IF(XAMTP.NEi) CALL RAM(AMETAR)
FAR=0*0
LALL FROCO P(FARIPT1,CS, XX2, XX3, RioFHItpH13
SI=PHIi-R1'ALCG(F1)
h2=Hi*CAN*CS)"2/%'2*AJ*G)
P2T~io
00 2 1=1910
CALL rHERMciP2TH2,r2TtS2TAWPa,0.o,1)
IF(A8S(S2T-Sl)@LE.0*00'SI) GO TC 3
P2TzP3.EXP((A/1986375)C((S2T.S1)4Ii.986375/AW)*ALOG(P2T/Pi)))
CALL ERROR
RE T URNI

3 IF(IAPTP.EC.3*OR.IAMrPoEG*4) ETARxP2/P2T
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P2 sETAR*P2TIIF(IANTPoNE@4) CALL THERMOCP29H2p72vS29XX5tC04d,1)
IF(KAI(TP*EQ*4) CALL THERMO(P29N2,12,2,XS0,00.0,0)
IF(XNIT@EQ*1) GO TO 6U
IF(IDESeEO.1) GO TO4
IF(MO0E*EQs3) GO To 5
PCNFzGUESS (MCDE T4,Ta.DSPCNCPCNCCSWF8,NFBD~,12,r2OSPCNFOS)
PC NPG UuP CMF
6O TO 5

4 PCNFxPCNFDS
PCNFGU*PCNF
TZ DSXT2

5 WZFFS
6 RETURN

END0
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SUBROUTINE ATHOS (-FT, TMI SIGMA, FHO THETA, OELTA, CA, AMU, K?
C THIS IS A SUBROUTINE TO COMPUTE CERTAIN ELEMENTS OF THE 1962
C U.S. STANDARD ATMGSPHERE UP TO 90 KILOMETERS,
C CALLING SEQUENCE..
C
C CALL ATNOS (ZFT, TM, SIGMAt RHO, THETA% OELTA, CA, AMU, K)
C ZFT GEOMETRIC ALTITUDE (FEET)
C TM MOLECULAR SCALE TEMPERATURE (DEGREES RANKINE)
C SIGMA = RATIO OF DENSITY TO THAT AT SEA LEVEL

RHO z DENSITY (LB-SEC**2-FT*#(-4) OR SLUGS-FT'*3)
C THETA = RATIO OF TEMPERATURE TO THAT AT SEA LEVEL
C DELTA = RATIO OF PRESSURE TC THAT AT SEA LEVEL
C CA SPEED OF SOUND (FT/SEC)
C AMU VISCOSITY COEFFICIENT (LB-SEC/FT4#2)
C
C K i NORMAL
C 2 ALTITUDE LESS THAN -5000 METERS OR GREATER THAN 90 KM
C = 3 FLCATIHG POINT OVERFLOW
C

C ALL DATA AND FUNDAMENTAL CONSTANTS ARE IN THE METRIC SYSTEM AS
C THESE OUANTITIES ARE OEFIAEO AS EXACT IN THIS SYSTEM*
C
C THE RADIUS OF THE EARTH (REFT59) IS THE VALUE ASSOCIATED WITH THE
C 1959 AROC ATMOSPHERE SO THAT PROGRAMS CURRENTLY USING THE LIBRARY
C ROUTINE WILL NCT REQUIRE ALTERATION TO USE THIS ROUTINE,

DIMENSION HB(IteMBCIO),DELTAB(I),ALM(LO)
OATA(HB(I) ,1=1910)/-5.,o.911.,20.,32.,47.o52.t61.,79.,88.7431

A TA (TME (I) , I~i 10)/320. 65,2S8.15 ,216.65,216.65, 228.65, 27o. 6 ,
1 270,65,252*,5#180.659180.65/

OAT. OELTAEII)i=1±O0/1.75363. ,2Z36iLE-D1,5o 40328E-O2
i 8.56663E-03t'., 9455E-O395,8z89E-04,±.?971aE-04 l,- 4LE-05I
21,6223E-OE1

DATA REFT59/2.0855531E 071, GZ /9,60665t#
A AHZ /28.9644 It RSTAR /8.,31432/
0 F7TOKH/3o04SE-04 /t S /110.4 /
C AHUZ .1,2024E-05 Is CAZ /ll16,4Sf/,
C RHOZ /0.076474 It GZENG /32.1741/

C CONVERT GEOMETRIC ALTITUDE TO GEOPOTENTIAL ALTITUDE
i FT (REFT59/(REFT59+ZFT))lZVT

C tONVERPT .FT AND IFT TO KILOMETERS
FTTOKtIVZFT

H FTTOKM*'HFT
K I
THZ = TMB(2G
IF (H.LT.-5,0,Oi;ZsGT*90,O) GO TC Lb
00 10 KZip1o
IF fH-H8(M)) 1ivl2vtO

10 CO UT INUE
GO TO 16

12 OELH = li-HO(Ps
IF (AL{(C) oEQO.O.) GO TO 13
TMK = TMB(F)+ALM(M)'OELH

C GRACTENT IS NCN ZERO, PAGE £0, EQUATION I,2*10-3)
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DELTA zDEL'AB(i )*( (TMB(M)/TMK)#U(GZ#AMZ/(RSTAR#ALM(M))))43
GO TO 14.

13 TMK -TeM
C GPAOIENT IS ZERO, PAGE 10 EQUATION 1,2,10-(4)

DELTA x ETBl)IX(&ZAZOL/RTRTBM)
14 THETA =TMK/TMZ

SIC-NA = OELTA/TIIETA
ALPHA m SQV(HEA )(I1ZS/0M+l

C CONVERSION TO ENGLISH UNITS
TH = i*84THK
RHO zRHOZ*SIGNA/GZENG
CA a AZ*SGAT(THETA)j
AMU aANUZ*ALPi4A/GZENG

C CALL OVERFLWI)

GO To a15,17) J *
GO Ta 1?

16K 2a 2
17 RETURN

END

t3

I4



SUBROUTINE COFAN
COMMON I" ALL/

iWrOiRO ,IDES ,ODES ,KOES ,MOOE ,INIT ,IDUPP ,IAI4TP
2IGASMXIOBURNIAFTBNvIOC9 ,INCO ,IDSHOCINSMOCNOZFLT,
3 IT RYSPLOOPERIINONAPs NUHNAPPNAPEDG9 IOL ALL 9ERR( 9)

COM NObN/VES IGN/
£PCNFGU ,PCNIGU ,PCNCGU ,T4GU ,DUMD1 ,DELFG ,OELFN ,DELSFC
2ZFOS ,PCNFDS ,PRFOS *ETAFOS vWAFDS ,PRFCF ,ETAFCF ,WAFCF
3ZIDS ,PCKICS ,FRIDS DETAIOS PWAIDS ,PRICF ,ETAICF ,WAICF
'IZCOS ;PCNCOS pPRCIDS ,ETACOS ,WACDS ,PRCCF ,ETACCF ,WACCF
5T40S ,WFOOS ,OTCOOS ,ETABOS 9NA3COS ,DPCOOS ,DTCOCF qETA8GF
6TFHPOS tCNHPCS tETHPOS ,TFHPCF ,CKHPCF YETHPCF ,OHHFCF ,T20S I
?TFIPOcS ,CNIPCS ,ETIPDS tTFXPCF ,ChwIPCF- ,ETIPCF POHIPCF VT~iDS
8TFLPOS 9,C"NLPDS ,ETL.POS ,TFLPCF ,CNLPCF ,ETLPCF POHLPCF ,120SI
9T240S ,WFCOS POTDODS ,ETADOS ,NA230S ,OPOUDS ,0OUCF oETAOCFt
AT70S ,HFAOS ,DTAFOS ,ETAAOS 5IeGCOS ,0PAFOS ,DTAFCF ,ETAACF,
BA55 0A25 tA6 ,A7 p, A9 vA28 1,A29
C PS 55 ,A1155 ,CVON0Z ,CV#'NOZ ,AeSAV ,A9SAV tA28SAV jAZ9SAV
COMMON/ FRCNTI

IT f HI !s T2 ,P2 SH2 Sy
2T21 11P21 ,H21 tS21 ,T22 PP22 ,1H22 tS22 p
3T3 9P3 9H3 t33 PT'e PP44 vS4 I
4T45 9,4 04 5 P45 tT5 ,P5 vH SS
5T55 IF55 tM5 ,55 5 ,SLF ,eLI PBLC #BLDU
6C;NF PF ETAF ,WAFC tWAF POLDUI ,8LOUC ,BLOB
7 CN I ,PRI 9ETAI ,MAIC ,NAI ,8L081 98LOBC ,WA3 I
8CN C bIFRC .ETAC ,04ACC ,IiAC ,ETAS pQPCCN vN'G4 I
9CNHP ,ETATHP ,OITCIIP ,DHTC ,BLHP 98LHPI ,BLHPC tFAR4 I
ACNIP ,ETATIP ,DHTCIP ,OHTI ,8LIP ,BLIPI PBLIP!n ,OUKF
BCNLP ,ETATLP ,OHTCLP pDHTF ,OLLP ,BLLPI tBLLPC PCS I

-CIWG4,5 ,FAR;45 ,)iG5 PFAR5 ,WC55 ,FAR-55 ,HPEXT 90I' 1
DALTP tETAR tZF 2PCNF ,ZI ,PCN1IN ,ZC ,CNC
EWS wTFFMP sTFFIP ,TFFLP PCLF PPCOLI ,PCOLC ,PCBLDUI,
F PC BLOUC, PCeL CSI ,PC8L'"CPGB..K"PIPCBLHPCPCBLIPIPC8LIPCPC8LLPI,
GFCBLLPC

COMMION IFA/CX(5),PRXu15,i5),hACX(1IP.5~,ETAX(15915),
1NCNINPT(I5)

DIMIENSION 11LI(2)
OATA AWORDOLH/GH COrANtGH (LO) ,6H 4"1)/
NORD=A'1ORD

* I ?k4ETA=SORT tT2/51868)
IF(IAOESNE.1) GO TO £0

ThEY AUzIPETA

* IF (Zi;,Lf @Dal ZF*U.

CNPS=C NF
CALL SEARC8H(2F,ChiF PRFWAFlC,ETAF,

FtF-CKFS)*GT*00E5CNF) riAPECGxt
IF1IG0.EQe.iMOR1GO.E0*2) WRITECOP100G) CNFS*HL.N(IGOJ

101G0 FORMAT(194O" * * CNF PFF II.~FjtQ4v2XA6s1iM* * $SSSSS)
iWAF&AFCfP2/TtE;TA
t1r(InESNF., GO TO I.
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ETAFCFrlIAFC?'5/L1AF
loAFCF=WAFOS/%AF
WRITE (6,10 C? RFCFETAFCFWAFCF ,T2CS

100 FOR4.AT(1iH'OFlAN OESIGNti3XHt PRFCF2,EI558H ETAFCF~tE15.8t
i iGH NAFCF, E15. 6v$H T2OStE1.)

£ PRF=PRFCF* (PPF-1 J +19
ET AF=ETAFCF*E rAF
WA uWAFC F'WAF
CALL THCQNF(FRFETAFT2,H2,S2,P2,T21,H21,S21,F21)
IF(PCBLF*GT*0.) OLF=PCBLF*WAF
IF(JOES*EQ~j) GO TO 7
JO ES zi
IF(XNIToEQi) GO TO 6
IF(I,0ESeEO,1t) GO TO 4
IFIOOE*NE.2) GC TO 2
T4aGUESS(3,ylY2,PCNFPCNFOSWFP8F9Y7,V8,14OS)

4 PCWI=GUFSS (6,TtY4OSY3Y4Y5Y6T2,T21DSPC4IOSJ
PCNC=GUiSS(4,Y1,Y2,PCNFPCNFDSWF8,WFOOStyr7,Y6PCNCDS)
GO TO 5

2 IF(MOGEEQ*I) GO YOi 3
IF(MOVEftEQ*U) GC TO ?0
T4=GUESS (7 ,y1ty,Y2%'NFpPCNFOSY5,YET2T2S,T43S)

20 PCNC=GUESS (5,14,T4OSY3,Y4,Y5,Y612lT2DSPCNCOS)
PCNIZGUESS(9,YiY2,PCNCPCNCOSY5,Y6,T21,T210SPCNIOS)
GO TO 5

I 4=GUE'I)S(GYlY2,PCNCPCNCOSY5,y6,T21,T2£DST40S?
FC1GUS(8,T4,T4OSy3,Y4,Y5,Y6,121,T21OSPCNIOS)
GO TO 5

4 PCNCxePCNCUS
PCNI=FCNIUS
14=T4CS

T2iUS=T21
5 ZC=ZCDS

FKNIGU=PCNI

T4GU=7?s

6 INIT -0
7 IFM0E,~s- TO TO

WRTE 8~0)CfvN
2000 FORNA7(IOH0CNr WAS= 9EI5,89liH AND NOW= pLiS.8,

L24H CHECK P%'.NF INPUTS$USSS)
CALL ERROR

a PCNF'i00**THET,)l.CNF/THETA0
9 CALL COINTC

ENO
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SUBIROUTINE CCINTC
COMMION/ ALL/

,,140RO ,IGES fJoEsi rKo~S $.MODE ,INIT 91DUMP ,IAHTPI
21GAStV(,IoeURWIAFT9N,!DC0 ,ZMCD ,IOSHOCqINSHQGNOZFL4Tt
3 IT RYS ,LO0PERv, HAP, NUNKAPNAPEOG97TOLALL qERR (9)
CO MMONJ!ES XG19/

I PC NFGJ IPCN IGU PCNCCU , 74GU ,DLH0i ,DELFG o s.F N ,OEL.SFC
2ZFO3 oPCN~FGS s12RFGS 1ETAFi)S INAFOS ,PRFCF tETAFCF 9WAF--t:
3ZIOS PPCNICS JFRIOS ,ETAIOS ,WAIDS ,PRICF ,ETAICF VWAICF
4200S pPC tit[S PPRCOS .E1ACOS ,WXCDS vPRCCF vETACCF ,WACCF
5740S .,Wr eDS tOTCOUS PETABOS VWA3COS tOPCOS)S ,UTCOCF 9EYAECC* J6TFHPOS P,NHFOS *ETHPOS ,TFHPCF ,CNHPCF tE1HPTPF 90HC ,TUS
FTFIPOS OCNiIPOS 1VETIPJS ,TFIPCF ,CNIPCF ,LTIPCF ,OHIPCF 9TZIDS
BTFLPC)S ,CNLPOS vETLPUS YTFLPCF PC#4LP'F ,ETLPCF 1 OtLPCF T 2"D S
9T240S qWFflO03 *CTOUDS ,ETADOS PWA23ZJS gamPuDS ,OTOUCF ,ETADCF
AT70S tWFAoS 90TArFOS tETAAOS %WG6,COS POPAF053 ,OTAFGF ,eTV'4CP
BA55 p 2 A6 9A? 9AS pA9 vA28 A2
CPS55 AM 5 *CVDNOZ 9CVM4NOZ ,A8SAV ,A9SAV 9A28SAV 9A29S.4V

ITI p I HI IS!~ qTZ ,P2 ,H2 ,S2
221 ,-21 PH21 vs~l PT22 PP22 OH22 9S22
3T3 ,P3 ,H3 9S3 JT4 ,P4 9H4 VS4
414 5 PP45 ,H45 ,S45 S5 tP5 PH5 ,S5
51T55 I C5 5 , H55 VS55 93LF 98LI 9 BIC ,BLDU
6CNF ,PFRF *ETAF ,WAFC INSF v9LDUI 9BLOUC BLOB I
7CNT pPRI VETAI p WAIC ,t4AI ,8LOBI ,BLOBC , WA3
8CNC ,PRC ,ETAC 9WACC ,WAC PETAB qoPCP ,WG4
RCNHP ,ETATHP VDHTCHP ,OHTC 11BLHP ,FLHPI ,BLHFC ,FAR4
ACNIP ,ETATIP VUHTCIF ,'JH1I 98LIP ,BLIPI 98LIPC ,flUMF
BCNLP 9ETATLP ,0HTCLP ,OHTF PeLLP ,BLLPI ,BLLPC ,CS
ChG4,5 9FAid.5 sNGS tFAR5 oNG55 ,FAR55 ,HPEXT ,AM
DAlLTP ,ETAR ,ZF qPCNF vil ,PCNI ,ZC VPCIC
E K 8 qTFFHP ,T':FIP oTFFLP ,PC8LF qPCBLI ,PC8LC vPCBL0X,
FPt3LOUCPC8LCBIpPCBLOBCoPCOLHF!IPCBLHPCPCBLIPIPGBLIPCPCBLLC.>-
GPCBELLr-C
C"wMON/IPHf/%A?2
COM~OV INT/CNX(15,PRX15i5;,WCXi5,15),ETAX(15,:5),

1 NGCNNPT ( 15)

OAAAONWLHHCOINTCtbH (LO) jEH (HI)/

THE.TA:SQRT (T2/56*66E8)
'.F(IOES*NE.1) GO TO jir
t-: El A C*.: HE TA

10 CN1tPCNI*THETAO/(10Q.4THETA)
IF(ZI.LT.O,) ZI:Oo

1J'NIS=CNI
CALL SEARCH(ZICNIqPRIWAICETA7,j

IF((CthI-CNIS).6I.e0 0o5fCNl) MAPEDG:1
lF(ICOoEQ.1.QR.IGO*.QO.2) WRITE(8,IOQO) CNISWLH(JGO)

IvQO FORMAY(I9PO* CNI OFF MAPFlO.4,ZXA6,±IH*' *SSSS5S1
WA I=WAIC*P2i/4THETA
IFiIQESeNE.1) GO TO
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0.RICF=(PRIGS-l*.(PRI±.*)

ETA ICF=ETA XOS/ETAIB
NA ICGF=WAI10S/ NAl
WRITE (691aO)FRICFETAICFWAICFT21OS

~oG FORMAT (23HDOPO COMPRESSOR OESIGN,1XBH PRICFtEI5*8,8H ETAIG

lEl5e5#8H %AICFpEI5.8f&H T21DS:E158)I
ETAIsETAICF*ETAI
WA12WAICF*WAX
CALL 1NCOtiP(PRI ,ETAIT2:LH21,S21,P21,T22,H22,S22tP22
IF(IOES.EQ.1) T22OS=T22
XF(PCBL1.GTefl BLI=PCBL1*WAI
WA22x:hAZ-8LI

- GL0UlvPC8LCUI*8LI
BLI4PIxPCOLH'PI*BLI 7
&l IPI=PC8I. IPXJOBLI
BLOSI=PCBLCBI#BLI
PCNIv1OO ,*TFHETA*GNI,#THETAO
CALL COCOMP
RE TU RN
EN 0
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Su~jFOUTINE CCCOP.F
COMMON / ALL/

!WORD ,IOES ,JOES ,KDES ,'IOUE *INIT tIOUMP ,IAMTPt
2 IGASMXIO8URNglAFTBNqIOCO ,IMCO vIOSHOCtIMSIFOCqHOZFLTp
3irkys,LOOPEpNOPAPNUMMAPNAPEDGtTOLALLPERR(9)

,'U MHON/OES IGN/
£FCNFGU IPCNZIGU ,PCNCGU ,T4GU pOUM0I ,DELFG ,tELFN 90ELSFC
2ZFDS ,PCNFOS ,PRFOS ,ETAFOS ,WAFOS ,PRFCF ,ETAFCF ,WAFCF
3ZIOS ,PCNXOS ,FRIDS ,ETAIOS ,WAIOS ,PRICF vETAIGFI N' AIC F
4ZC0S PPCW4CCS ,PRCOS ,ETACOS ,WDCOS ,PRCCF ,ETACCF tWACCPr
5T405 ,WFOOS ,CTCCOS ,ETASOS PWtZICUS ,OPCODS tOTCOCF gETABCF
6TFH4POS ,CNI4PtS ,ETHPOS ,TFHPCF ,CNHPCF ,ETHPCFPOi*IFCF tT203S
?TFIP0S ,CNTP0S ,ETXPOS ITFIPCF PCNXPCF ,ETIPCF ,OHIPCF #TZIDS
8TFLPOS ,CNiPOS ,ETLPOS ,TFLPCF ,CILPCF ,ETLPCF ,OMLPCF 9,T220S
9TE40S ,WFOOS ;OTDUUS PETADOS PWA230S VDPDUOS ,OTO'JCF ,ETADCF
tT70S ,WFAOS ,OTAFOS ,ETAAOS ,WG6COS vDPAF0S ,OTAFCF v4TAACF
8 A55 PA25 qAb 6 tA8 vA9 9A28 ,A29
CPS55 9AM55 ,CYDNOZ ,CVP9NOZ ,*8SAV ,A9SAV 9A26SAVI pA29SAV
COMMION/ FRCNT/

I T1 ,PI ,mi PSI OT2 9P2 p ,. S2

2TZ1 ,P21 0I21 PS21 ,T22 qP22 PH22 ,s22
3T3 IP3 VM3 ?S3 9T4 P4 #4 S

5T55 -P55 ON55 tS55 ,BLF 9BLI ,81C ,8LOU
6CNF ,FF ETAF ,WAFC ,biDF ,8LO'JI ,eLOUC ,BLOB

f, PRX ,ETAI ,WAIC ,WAI ,BLOBI IBLOBC ,WA3
2 I8CNC 9PRC rETAC IWACC VWAC ,ETAS JOPCO4 ,WG4

9CNI4P ,ETATHF ,OHTCIP ,OHTC ,8LHP ,BLHPl ,BLHPC ,FAR4.
ACNXlP ,ETATIP ,0I4TCIP sOHT1 98LIP ,OLIPI ,8LIPC ,OUMF
c3CNLP ,ETATLP 4ONTCLP ,0HTF ,BLLP ,eLLpr ,BLLPC ,CS
CWG4.5 vFklR45 ,WG5 ,FAR5 tWG55 ,FAR55 ,HPEXT ,AM
0 AL TP , ETAR ,ZF ,PCNF fZI ,PCNl ,Z ,c PCNC
EhnF8 ,TFFHP PTFFIP ,TFFLP ,P8.,CL6,CL P8O
FPC St.OucpPC0LCBI FC8LO(3C p C8LHP IPC8LHPCPC8LIFIPCBLIPCPCBLLP
G PC 81L PC

COMO4N/IPHP/qA22
COMMCN / COHP/CNXttlgPRXCL15htACXU±5,i5)tETAX(i5,i5),

DIMENSION NLVQ)
CATA AWOR0DWL~HICOCOMP96H (LO) 16H (HI)1
WOP.O :AWORQ
THETA=SQRT (T22/518. 688)
lF(I0ESoNE~i) GC TO £0
THETAD=TI4ETA

io CtCPCNCOTt-ETAO/(100**THETA)
1F'(ZC*LT.09) ZC:0.
IFCZC*GT*1.) ZC:1.
CIJ CS =C NC
GAUl SEARCH(ZCCNCqPRCNACCETAC,
ICNX(i),NCNFRX(1,1),WACX(±,1bETAX)IU4),NPT(1),155IGO)

lfIlODE.EQ.I) GO TO I
lF((CC-CNCS)*GT*0O.005*CNC) MAPECG=1

i IF(IGO*EQ~i.CRIC6O.EQ*20 WRITE(89100a CNCSWLH(IGO)
1000 FORMA1(i9H0* CNC OFF MAPvF±0@4,2XA6,IiH* * 155S)

14AC=WACCOP22/THETA
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IF(IOES*NEI.) GC 1O 2'
WACOSzWA2P (PC-.

ET ACCFzETACOSIE~TAC -
WACCFxWACDS/kAC
*ZITEt6, £00IFRCCFETAtCCFtb6ACCFT22DSI100 FONT23~jF COMPRESSOR OESIGNtiX$H PRCCFxE15.8,8H EAC~

lEl5*&p8H kACCFqEl5.sSH T2OS=,E1598 EACFR
2 IRC-ZPRCCC.'*(Ppc-1.)*14

El ACzETACCFOETAC
NAC=WACCF# hAC
CA&LL !iCCMP(PRC,ETACT22.,H22,S22,F22T3I43,S3,P3)
IF(PCBLC*GT*0.) OLC=PCBLC*WAC
WA 3=WAC-BLC
BLOUGrPCBL CUC*BLC
BL HPC:PCBL HFC*BLC
8L IPC=PC8L IPC*BLC
BLLPCzPC!9LLFC*8LC
8L 68CZ.PC8L OSC#BLC

'U=eL9UT 4RLGUC
6L HPzBLHPI +BLHPC
OL IP=BLIPI .eLIPC
iL LP=SLLPI +BLLPC
SL08z8L~eI,8LC6C
IFCMOOE44Eo1) GO TO
IF(A8S(CNC-CNCS),LE90*Q01*CNCS) GO TO 4
WRITE (8*20 00) CNCSiCNC

2000 FOR34AT(OHQCNC NAS= yElbie8,11H AND NOW= ,EI598,
124H CHECK PCNC INPUTSSSSSS)

CALL ERROR
3 PCNCxIOO. 4 THETA*CNC/THETAG
4 SR()(A-W2)W~

CALL COCOMS
RETURN
END0
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SUBROUTIN~iE CCCOhe
C3MMON~ / ALL/

±Iho RO ,1OES ,JOES ,KOES 9 40DE 9 INIT ,IOUPP ,IAPTP
21GASMX9,IC8URNqIAFT8NtIDCD ,IMCC jISOjMHOqOF~
3 IT RYS 9LCOPER 9NO14AF NUMMAPO MAPEOGvTOLALL,9ERR (9)

COP"MON/DES IGN/
LPCNFGU PPCNIGU ,FCNCGU ,T4GU 90001i 9DELFG ,DELFN ,OELSFC
2zvOS ,PCNFDS ,PRFOS ,ETAFOS ,WAFOS ,PRFCF ,ETAFCF ,WAFCF
3ZIOS ,PCNICS rPRIOS ,ETAIOS ,NflDS ,PRICF ,ETAICF ,WAICF
4 ZCDS ,PCtiCCS ,PRCOS ,ETACOS ,WACDS ,PRCCF ,ETACCF ,WACCF
5T4US tkFeos ,OTCOOS ,ETABOS ,WA3COS ,OPCOOS ,OTCOCF ,ETABCF
6TFHPOS ,CN14PDS ,ETHPOS ,TFHPCF ,ChHPCF qETHPCF ,DI4HPCF ,T2OS I
7TFIPOS ,CNIPCS ,ETIPOS ,TFIPCF ,CthIPCF ,ETIPCF ,0HIPCF ,T21OS
STFLPOS ,CNLPCS ,ETLPOS 9TFLPCF ,CLPCF ,ETLPCF ,OHLPCF ,T22DSt
9T240S 9WF~OS ,CTOUOS ,ETADOS ,bWA23DS 90PDUOS ,IJTOUCF ,ETADCF
AT7DS ,WFADS ,CTAFOS ,ETAAOS ,WGbCOS ,OPAFOS ,DTAFCF jETAACF
BA55 425 fAb 9 A7 A8 e A9 9,28 IA29
CPS 55 ,AI155 ,CVONOZ ,CVHNOZ ,A8SAV PA9SAV ,A28SAV 9A29SAV

COMIMON/ FRCNT/
111. ,P1 ,HI tSI t ,T 2 P2 ,H2 ,S2
2121 IP21 ,M21 ,S21 pT22 qP22 9 H22 ,S22
3T3 9P3 ,H3 qS3 ,TI qP4 PH4 9S4
4 T45 9F5 H4 5 S45 tT5 9P5 fH5 PS5
5T55 9P55 9 l55 qS55 ,BLF PBLI 98LC ,BL3U I
6CNF ,PRF ,ETAF ,WAFC ,WAF ,BLOUI ,8LOUC ,BLOB I
7CNI 9PRI ,ETAI ,WAIC ,wAI ,BLOBI ,8LOBC ,WA3
8 CNC ,pRC ,ETAC , WACC ,h*C ,ETAB ,OPCOtI ,WG4
9CNHP ,ETAT14P ,OHTCHP ,0HTC ,BLHP ,BLMPI ,BLHPC ,FAR4 I
ACNIP ,ETATIP ,OHTCIF 90HTI ,8LIP ,eLIPI ,BLIFC ,OUMF I
BCNLP ,ETATLP ,OIITCLP 90HTF ,8LLP PBLLPI 98LLPC ,CS
ChG45 ,FAR45 ,hG5 ,FARS ,WC*55 ,FAR55 PHPEXT ,AM
OALTP ,ETAR ,ZF qPCNF ,ZI ,PCN! OnC ,PCNC I
EB ,S TFFHF ,TPFIP ,TFFLP ,PCOLF ,PCBLI ,PCBLC ,PCBLOUI,
FPC BL DUC9 PCIBLCBI COLOOC 9FCBLHPIt PCBLNFC#PCBLIFI9 PCBL IPCPCBLLPl ,
G FC8L LPC
CO MMON / come/psi u1iDELT 5915) ETA (159t5) v PS, NPT (15)
CIMENSION 0(91,CUMBOI15,15)
DATA AWORO/GHCOCOMB/
WORD=AWORD
0(2)=C,
0(3)=O.
P3PSII.4.696OP3
WA3C=WA3*SCRT (T3)/P3PSI
IF (IOES. EQ *I) WA3COS=WA3C
OPCOM=OPCOCS* (WA3C/WA3C0S)
IF'.OPCOM.GT.1.) OPCOM=19
F4=P3*(j .- DPCOM)

I IF (T'4.GT,3S9S) T4=39999
IF (T'.GEel0009) GO TO 2
T4=1O0009
IF (MOCE.eEQ.o1I) MAPEOG=i

2 CTCO=T4-T3
IF(IOES@NE*I) GC TO 3
DJCOCF=OTCCDS/O1GO

3 OTCO=CTCOCFIPCTCC
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F3 PSlhP3PSZ I
CALL SEARCH'(wl.,P3PSINOTCOETABCUMMY,

£LPSl(1),NPSDELT,(1,1),ETA(1,1,oDUNEO(1,1hNPT(1),15,15,IGO)
IF (IGO*EQ* 7) CALL ERROR

4 IF(lOESoNEo1) GO To 5
ETABCF=ETABOS/ETAS

5 ETAB:ETABCF*ETAS
HV=((((((-.4594317E-19*T4).92034116E15)T4+.2783643E-ii)"T4

1,.2515OIE-O7#*T4-.24S3116E-03)#T4-.9433296E-O1).r4..j845537E*Go.-
CALL THERO(P4HAT4,X#XIX2,0,o,0)
FA R4=(HA-H 3)/(HV*ET £8)
IF(FAR4eLToU.) FAR4=O.
NFBX=FAR4#*IA3
IF (NOCE* NE o2) GO TO 6
ERRW=(WF8- NFBX) /WFB
DIR= SORT (WFB/NFDX)
CALL AFQUIR(O(1) ,T4,ERRW,0.,20.,0.000lOXRT4TtIGO)
GO TO (697),IGO

6 T4zT4T
GO TO I

7 CALL ERROR
a hFB=WFBX
9 CALL THERMO(F4,hi4,T4,S4,XX2,1,FAR~,0)

WG4=WF84WA 3
00 IF(IOES.EO.1) WRITE(6,100) WA3COSETABCFOTCOCF
10 FORMATHOCOI'BUSTOR OESIGN,7X8H hA3CDSzElSo6,SH ETABCF=,Ei5.8t,
LOH DTCOCF,-E15.C)
CALL COHPTe
RETURN
END0
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SUBROUTINE COMPT8
COMMON / ALL/

i WO RD ,IOES ,JOES ,KDES MtODE ,INIT ,IDUPP ,IAMTP1
2 IG ASMt IBURN, IAFTBN, IOCO ,IMCD ,IOSIIOCIMSI40CpNOZFLT,
3 IT RYS ,LOOPER PNOPAP, NUI4MAPIIAPEOG, IOLALLERR (9)

COMMON/DES IGN/
iPCNFGU ,PCNIGU ,PCNCGU ,T4GU ,0U901 ,OELFG ,0ELFN ,OELSFCI
2ZFOS OPCSFCS ,PRFOS ,ETAFDS 9WADS ,PRFCF ,ETAFCF ,WAFCFv
3ZIOS ,PCNICS ,PRIDS ,ETAIOS ,bWAIDS ,PRICF ,ETAICF 9WAICFI

-4ZCOS ,PCt4COS ,PRCOS ,ETACOS ,WACOS ,PRCCF ,ETACCF ,WACCF
5T40S ,WFeos ,0TCOOS 9ETABIJS ,NA3COS ,OPCODS ,DTCOCF ,ETABCFp
6TFHPOS ,CNIPOS ,ETHPOS ,TFHPCF ,CNHPCF ,ETHPCF ,DHHPCF ,T20S
ITFIPOS ,CNIPOS ,ETIPOS ,TFIPCF ,CWIPCF ,ETIPCF ,OHIPCF ,T2iOS

' 7FLPOS CNLPCS ETLPOS TFLPCF tChLPCF ETLPCF OHLFCF T22 S I

AT70S ,WFPAOS ,OTAFDS ,ETAAOS ,WG6COS ,OPAFOS ,OTAFCF ,ETAACFv
BA55 9 A25 vA6 9A? PAO ,A9 PA28 ,A29
CPS55 tAM-5 ,CVDNOZ ,CVMNOZ ,AOSAV ,A9SAV ,A28SAV 9A29SAV
COMMON/ FRONT/

111 ,PI PHI 9 Si ,T2 tP2 qH2 2
2 T2 P P21 ,H21 PS21 9T22 ,P22 tH22 vS22
3T3 9P3 qM3 ,S3 ,T4 qP4 PH4 9S4.
4745 tP45 ,I145 qS45 qT5 9P5 9H5 S5
5T55 VP55 PH55 q555 98LF ABLI ,BLC ,BLOU f
6CNF ,PRF ,ETAF ,hAFC ,WAF ,BLDUI ,8LOUC ,BLOB f
7 CNI PPRI ,ETAI ,WAIC ,WAI ,BLOBI ,BLOBC ,WA3
8CNC 9PRC ,ETAC ,WACC ,InAC ,ETAB ,OPCOM , WG4 I
9CNHP ,ETATHP ,OHTCHP ,OHTC ,F3LHP ,8LHPI ,BLHPC ,FAR4 2
ACNIP ,EiATIFP ,HTCIP ,OHTI ,93LIP ,BLIPI ,BLIPIC ,DUMF $
BCNLP ,ETATLP ,OHTCLP ,0HTF ,OLLP ,BLLPI PBLLPIC ,CS

CWG45 9FAR45 9WG5 tFAR5 9WG55 tFAR55 PHPEXT ,AM
EW8 ,TFFHP ,TFFIP tTFFLP ,PCSLF ,PCBLI ,PCBLC ,PCBLCUI,
F PC BLDUCtPC KC8I ,PCBLOBC, PCOLHF ItPCBLHPCo PCBLIFI, PCBLIPC, PCBLLPI,
GPFUBLLFC
COMMON /HTLRB/TFFX(15),CNX(15,±5),DHTCX(15,15),EIATX(15,a5),

INTFFSNPTTFFc15)
DATA AWOROWLCW4HI/6HCOHPT8,6H (L0) ,6H (HI) I

IF'(IOES.EO.O) GO TO I
CN HPCF=CNH FOSwSORT (T4) /PCNC

ICNHP=CNHPCF*PCNC/SQRT(T4)
CNHPS=CNHP
TF FHPS=TFF HP
CALL SEARCh(-1.,TFFHPCNHPDHTCHPETATMP,

ITFFX(1),NTFFSChX(jtx),DHTC)(C±,1),ETATX(jtj),NPTTFFcj),j5,j5,1,,-c
IF(IGO.EQ* I*OR.IGO*EO.11.OR*IGO.EQ.21) WRITE(8,iO(60)TFFHPS.AL,
IF(IGO*EO. 2eORoIGOeEOol2.oReIGOoEQo22) NRITE8IO60)TFFHPSPWHl

*IF( IGCE~o 10 *OR *IGO *EQ* .LOR*IG0.EQ* 12) WRITE(892000) CNHPSWL-i
IF(IG0.EQ.20.OR.IGO.EO.21.OR.IGO.EQ.22) NRITE8,2000) CNtiPSWHI

1000 FORPAf(1HO"#* PTFFHP OFF MAPFIG.4P2XA6,1H* P***SSS)
2000 FORMAT(19HO"f 'w CNHP OFF )APFiO.4,2XA6,1I.I'*#'SSSSSS$

IF(IGO.NE*7) GO TO 3
2 CALL ERROR

RE T U R
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MA PGO :0

IF(AB3S(TFFHPS-TFFH4P).LE.0.O1ITFFHiPS) GO TO 4
NAPGOIl
IF(ABS(CNHPS-CNHP).GT.O.O0I'CNHPS) MAPGOs3
GO TO S

4 IF(ABS(CNHPS-CNHPI.GT.O.o1#ICNHPS) MAPGO2
s IF(MAFGO.GT*0) CALL MAPSACC1,NAFGCTc'FHPSTFFHPCNIIPSCNHPPCNC,

I T4,NOOEP OA FNU'ItAP)
IF(NOMAP.GT*0) RtETURW
TFHCALzNG4*SORT(T4),(14.696*P4)
BT UEXTuC .706?05OHPE XT
OHTCC=(BTUEXT.WAC*(H3-H22I /(NG4*T4)
IF(IDES*EQ.0) GO TO 6
TFHPCF=TFHPOS/TFHCAL
OHHPCF=OHTCCIGHTCHP
ET HPCFrETHFOS/ETATHP
WRITE(6, 102)CNHPCFTFHPCFETHPCFCHHPCF

102 FORtIAT(20OHNPo TURBINE OESIGNSXlHCNHPCFqEl5*8q8H TFHPCF:,El5.$>,
ISM ETHPCFtE15*6,SH OHMPCF:,ElSoa)

6 TFHCAL=TFHFCF*TFHCAL
GHTCHP:OHHFCF*OHTCHP
ET AT PETNPC F'E TA THP
iW4TCaDHTCC*T4
ERR(1)=(TFICAL-TFFHP)/TFHCAL
ERR(2)=(OHTCC-OMTCHPP/OHiTCC
CALL THTURB (CtTCETATHP ,FAR4 ,H4,S4,P4,T45,H45,S45,P45)
IFABLI4P*LE*C*) GO TO 7
FAP4S=WFBI (WA34BLHPI
WG45xW'wh.+BLHF

CALL THERMC(F45,H45,T4S,545,XX2,1lFAR45,1)
GO 10 8

7 FAR45=FAR4
WG4SzIEG4

a CALL COIPTe
RETURN
ENO0
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SUBROUTINE CCIPTB
COMIMON/ ALL/

iWORO #IDES ,ODES ,KDES ,MOOE ,INIT ,IDUPP vIAMTP
21GASM~tI08URNqIAFTBNqIDCO ,INCO ,IOSHOCINSHOCMOZFLT,
3ITRYSLOCPERINO)AFNUMMAPMAPEOG,1OLALLtERR(9)
CZMltON/OES IGI/

iPCNFGU ,PCNIGU ,PCNCGU ,T4GU ,DLNOI #DELFG ,OELFN tOELSFC,
2ZFOS qPCNFOS ,PRFOS ,ETAFDS ,NAFOS ,PRFCF ,ETAFCF ,WAFCF
3ZIOS 9PCNIDS ,PRIDS ,ETAIOS ,NDIDS ,PRICF ,ETAICF ,WAICFt
'IZOOS ,PCgiCCS ,PRCOS ,ETACOS ,NDCDS ,PRCCF ,ETACCF ,WACCF
5 T4 DS vWFeDS ,OTCODS ,ETABOS ,NA3COS ,OPCOOS ,OTCOCF' ,ETA8CFI
6TFHPOS ,CNPS ,ETHPOS ,TFHPCF 9CIHPCF ,ETHPCF ,OHHFCF ,T20JS
7TFIPOS ,CNIPOS ,ETIPDS ,TFIPCF qC~iIPCF ,ETIPCF ,OHIPCF ,T21OS
8TFLPOS ,CNLPCS ,ETLPOS ,TFLPCF ,CILPCF ,ETLPCF ,DHLPCF vT2205
9T72'40S ,WFCOS POT!OUDS ,ETADOS 9NA230S ,0ODOS 9OTOUCF ,ETADCFq
AT70S ,NFAOS ,OTAFOS ,ETAAOS ,NG6COS ,0PAFOS ,DTAFCF ,ETAACF,
8A55 *A25 9A6 9A7 ,Ae 9A9 9A28 v Ak9
CPS55 ,AM55 ,CVONOZ ,CVMNOZ ,AeSAV ,A9SAV ,A28SAV ,A29SAV

N COMIMON/ FRCNT/
Ii Pt VHI ,SI. 912 9P2 2 9S2

2T21 PP2 qH21. VS21 ,T22 PP22 PH22 9S22
3T3 9P3 ,H3 tS3 9T4, qP 4 ,H4 ,S'.
4T4~5 tP'.5 9H45 OS45 ,T5 qP5 ,H5 qS5
5T55 9P55 9H55 ,S5 ,LF 98LI ,BLC 98LOU
6CNF ,FRF ,ETAF ,WAFC ,WAF ,BLOUI ,8..DUC *,0L08
7CNI vPRI ,ETAI ,WAIC ,N*I ,SLOBI ,8LOBC *WA3
8Cflc tPRC PETAC 9WACC ,WAC ,ETAB ,opcom ,WG4 .
91Ct4HP PETATHIP 9OHTCHP ,DHTC ,8LHP ,BLHPI ,BLHPC ,FAR4 I
ACNIP ,ETATIP ,OHTCIP ,OHTI ,eLIP ,8LIPI ,8LIFC OWMF
9C.NLP ,ETATLP ,DHTCLP ,0HTF ,G3LLP ,BLLPI ,BLLPC ,CS
GkG45 ,FAR'.5 ,WG5 ,FAR5 ,WG55 ,FAR55 ,HPEXT ,AM
OALTP ,ETAR ,ZF ,PCNF ,ZI ,PCNI ,ZC ,PCNC
EIWF8 ,TFFHP ,TFFIP FrFFLP ,PCBLF ,PCBLI ,PClBLC IPCBLOUI,
F PC 1L OUC 9PCEL CBI qPCBLO6BC pPC8LHP I tPC8LHPC qPCBL IPI tPCBL IPC 9PC3L LPI,
GPC 1LLPC
COIMON/ITUR8/TFFX(15),CNX(i5,15),CHTCX(15,i5),ETATX(15,±5),

I NTFF SvNP TT FF(151
DATA AWOROWLOfkHI/6HCOIPTB,6H (LCW ,6H (HI)/
1ORD:=AWO RO
IF(IOES.EQ.O) GG TO I

1 CNIP=CNIPCF*PCNI/SQRT(T451

CNIPS=CNIP
TF FIP S= TFF IP
CALL SEARCH(-i.,TFFIPCNIPOHTCIPETATIP,

iTFFX(l),NTFFSCNXCI,±i),DHTCX(Ii),ETATX(1,1),NPTTFF(1),15,i5,ICo
IF(IGO*EO. i.ORtIGQ.E~o.11OR*IGOoEQ.21) WRITE(8,10G0)TFFIP SHLC
IF(IGC*EG. 2.OR*IGO.E~o.2oORolGO.EQo22) 'RITE(8,i00O)TFFIPSWHI
IF(IGO.EQ.10.OR.IGO.EO.±i.OR.IGO.EQ.12? 10RITE(8,2060) CNIPSWLO
IF (IGO.EQ.20C~.RoIGO.EO.?.1.aR.IGO.EQ.22) 14RITE(8,tOO63) CNIPSWHI

1000 FORMAT (i'HO*ff**TFFIP OFF MAPqF1O.4v2XA6p1iH* 4'p*ssssss)
2000 FORMAT(19HO*#"'* -NIP OFF MAP,FlO.4,2XA6.1H***SSSS)

b IF41GO*NE*7) GO TO 3
2 CALL ERROR

PETU R h
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3 KAPGO=O
IF(ASSCTFFIPS-TFFIP).LE.o.OO1'TFFIPS) GO TO 4
MA PG 0 -1
IF(A83S(CNIFS-CNIP-)oGT.O.DO1*CNIPS) HAPGO=3
GO TO 5

4 IF(ABS(CNIPS-CNIP).GT.O.OO1*CNIPS) MAPGO=2
5 IF(MAPGO.GT.O) CALL MAP83AC(3,M4APGC,TrFFIPS,TFFIP,CNIPSCNIPPCNI,

I1T4 ,IO 0E,9N OP A P,9N U HAP)
IF(NOPAP.GT.0) RETURN
TFICAL=NG45#SQRT(T451, (14.696*P45)
ONI=NI(2-MI)(G5T5
IFF.IOES9EQeO) GO TO 6
TF IP!CFTFIPD5/TFICAL
OH'*PCFxOHT IC/DHTCIP
-T IPCF*ETIFOSICTATIP
NR!TE(6,102)CNIFCFtTFIPCrETIFCFCHIPCF

102 FORMAT(20HIIP. TURBINE OESIGN,5XHCNIPCFzE1S.8,SH TFIPFF,El5'- t
LOH ETIPCF=,E15.898H 0KIPCFSEi5.O)

6 TFICAL=TFIPCFOTFICAL
OHTCIP=OHIFCF*DHTCIP
ETATIPzETIFCFOETATIP
OHTI:OHTICT,5
ERR(8) gTFICAL-TFFIP)/TF1CAL
ERR( 3)z( HTIC-OIITCIP)/OHTIC
CALL THTURS (OHTIETATXPFAR45,H4#5,S45,P45,T5,N5,S5,P5)
IVEBLIP*LE90) GO TO 7
FAR5uWFB/( WA34BLMP+BLIP)
WG5xW645.6L!P
H53(BLIPl*922+BLIPC*I3WG45KH5)INGS

CALL THERMO 59 H5qT5,S5 ,XX2,1,ItFARSt 1)
GO TO 8

r FAR5=FAR45
WG5nWG45

a CALL COLPTe

RETURN

*E 0
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SUBROUTINE CCLFT8
COMMION I AL.L/

IN)ORD ,IOES PJOES PKOES PNOOE tIN4XT fIQUPP ,IAMTP
2IGASMXvIO8uRN~IAFT8NqIOC0 ,INC0 tjDSH0Cjt4SHOO.NOZFLT,
31TY OP~tON~N"AIAEOtOA~ER9
CO MMON/OES IGN/

iPCNFGU ,PCNIGU ,PCNCGi ,T4GU ,91Lt4i IDELFG ,OWN~t ,OELSFC'

2 ZFUS #PCNFDS 9PRFDS gETAFOS IWAFS lPftFCF pETAiFCF *WAFCFt

3ZIOS OPCICIS tPRIOS IETAIGS filplos ,PRICF E~TAICF' tWALCF

4ZCDS tPCNCCS ,PIROS #EFTACBS ONACOS ,PRCC tETACCF~ WA-,,FI

5T40S ,WFMD v0TCODS ,ETA8OS ,I4A3CiOS tOP(OOS ,OTCCCF pETA9CF,

6:CHPB: $GNHPOS ,ETHPOS PTFHPCF tChHPCF IETHPCF OM'' T0

6?FID oNPOS tETAFD ,WFPCF IiiAFC ,BLOUI4PC ,9.IUCF J21OB

8clILPS ,ETPL0 ,TLP ,OTFC ,8LLPC AETLPC tOLLPF ,TC2S
97240S vWFAP45 DBS9TDStW20 DOUSpTUF EAC

A~T0 ,blA3 ETrSITAS DRD 0PFS9TFC EAC

5TA 9P3O LO#83 KOLt8, ,T4 ILCI v6H CKIS

CNCNC L CFCNFSTt5)c A EAB #1CHIG

8CALL EATCIP1.,FFLCNLLP VF ALPPB~LSOLP c

COMHOW LT),NTFX(15),OCNX(1,1),EHTATX(15.15,hPTTF(l),LSd
5 #

lNFF U?4PTTFFlC.G.Q1.RIG.Q23W)T(810~FLSIL
DATAIGOEO .RIGW.1.RIO.EQ.2/6HCRITE(8,1000)TFFLPS,("D

IF(IOES*EQ1*.RIG.E1.RIGOQ.2 TOTE8Z~O IN~S,

CNLITEPS=OO CLPSWI

I.O F FLP S=T('1"TFL OF LP
CALL SE4ARC(19le'' CLP OFF PF1O,4,XAl,1tAS1SS

IF(YGC.NE.?e~ TCRlO*el*9IOE.) 3~T(t0VTFPt
2 ~ IO-Q *ZALLQl*OsG.E.2 WRElRRORDTFL~t~

RETURN lRI~s~~oR9GoQ12 ~T(8Z0)CNPtL
IF(C-*Eo~eOoIO*Q*1*R*GOEQ22 WIT(8ZOQ)CW61W~



OA APG 0 zl
(~37'LPS!FLP).LE.0.OS1*TFFLPS) GO TO 4

tiAAPGO:3

4 F(A8S(CNLPS,.CNLP).GToGOOl'CNLPS) llAPGOx2
3 X(WAPGO*GTod) CALL HAP8AC(21MAPGOTFFLPSTFFLPCNLPSCNLPPCNFI

I T4 #MODE# WOHAP3NUIIKAPI
If(N9HAP.GT*G) RETURN
iF8CAL*WG5S3' " iTS) /(14. 696'PS)
f;HTCF*WAF* (1421.HV/ (WGS*75)
XF(IBES*EQ*I1) GO TO 6Ii TF LPC xFL P S /TFLCAL
CiLPCFODHTCFfOHTCLP
ET LPCFETL0$,ETATA.'
WRITE( ,I10)CNLPFTLPC~tETLPCFtfHLPCF

102 FORI9AT(20OL,Fe TURBINE DESIGNpSXHCNLPCFZElS*898H TFLPCF~qE15.3,-A
18H ETLPCF2,E15t,8H OHLPCFrEi5*8)

6 TFLCALvF.PCF*TFLCAL
GHTCLP=DWUFCF*DHTCLP
EAT LP=E TLFC F*ETiP

OH TF=OHTCF*15
ERRf3)--s(TF LCAL-TFFLP)/TFLCAL
iERR(4)ztOK1CF-DHTCLP)IODHTCF
CALL THTUf"i(HTFETATLPFAR5,H5,S5,P5,T5,HS5SS5,P55)
F(8LLP*LF.909) GO TO 7
FRS5=WF8/ (WA3.0!.HP+8LIP48LLP)
NGSuWGS+5 LIP

GO TO 8
*7 FR5S:FAR5

I END0
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SUBROUTINE~ i:;OSD

~Ti VFl pHs oSt *T2 In2 ,HZ S
2T21 9 21 0 H21 IS21 PT22 ,PPa2 9HZ2 S2
3T3 rPz SH3 VS3 ,Ii'c "k 9S

4T5 9P4 5 0145 45~H ,~ p N S5
55 tpss 05~5 ,B5JU PLI 96LXC ,BLOU

604NF 9PRF t-VAF ,WAFC ,KDAF ,BLOUI ,BLDUC ,8LOB P
7CI PRI ,ETAl ,WAIC ,wDI ,BLOBI ,BLO8C ,WA3

6 CN~ 1%1 1,c ETAC 9WACC ,WAC ,ETAS ,OPCON ,WG4
'ICRHP 9ETOTHFP ONTCH? 9GHTC 98LNP ,BLHPI iSLtIPC IFAR.
ACNIP rETATIP tOHi!CZP ,DHTI ,8LIP ,BLIPZ t8LIPC ,OUtIF
8cNLP ,'ETAILP ,CKTCLP vDHTF ,BLLP ,BLLPI ,BLLPC :.CS
CWG45 9FR4 ,WGS ,FARS ,HG55 IFARSS ,MPEXT ;AM4
D*.TV sETAR ,ZF ,PCNF PZI 9PCP4I INC vPCNG
EWFU tTFF*-IP ,TFFIP ,TFFP tPCBLF ,PCBLI 9PCOLC tC8Li2UIj
FFC8LOUCPCS0lOBIC8LOSCPC8LHP1,PCBLHPCPC8JLIPIPC8LIPCPCOLLPIP

* G-PCOLLPC
COMMON/ SIDE/

I XP I ,XWAF ,XWAZ 9XVAC #XB&F ,XBLO'J tX8U2UI tX8LOUC
2XH22 ,XH3 PXTi #XP2$. tX~i1 ,XS21 ,tust ,DUIS2
3T23 IF3 H23 PS,124. ,P24 024 oS2
4T25 *P25 tmz5 qS25 IT25 c ,P V2!
5T29 ts 29PS2 9 cuNSz IDUIRS4 vOUNSS 9OU?)'6 I
6%AO 9WF tG24 jFAR24 tE7AD ,r)PDUG ,BYPASS tDUM.S7
7?TS 2. ,PS26 ,I26 ' ,AM25 oTS29 PPS29 ~V29 AV

AW Al F ,-4A F

XWAC=WAC
XBLF6eLF
XBLOU=BLOU
XSLD~j!=BLOUI
XBLOUC=BLOIUC
XH22:-H22

XT 21=T21
j XP21=F2i

XH Z =H~ 1
XS 2IZS21
CALL CODUCT
RE TUR N

END0
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SUBROUTINE CCOUCY
COMM~ON / ALL/

IWORD ,IDES 9JOES ,KDES ,IIOOE ,1IT ,1OUMP slA?4TP
21GASMXfID8URt4,XAFTBNbI0CD ,1MCD VIOSHOCINSI90CNOZFLT,

31TRYSLOOPERNOWAPNIJNNAPNAPEOG,1oLALLERR(9)2 U COIINQN/OES IGH/
IPCNFGU ,PCNISU ,PCNCGU tT4GU ,(jIMjN1 ,OELFG ,0ELFN ,OELSFC2ZFOS PPCNF13S ,PRFOS 9ETAFDS vWAF0S ,PRFCF IETAFCF 9WAFCF
3ZIOS ,PCNfl3S ,PSRtOS 9ETAIOS ,WAIOS ,PRICF ,ETAICF ,NAICF
4ZCOS PFCNCDS oPRCOS ,ETACDS ,NADS pPRCCF ,ETACCF tWACCF

ST40S *WFECS ,OTCODS ,ETABOS 9NA3COS IOPCODS ,OTCOCF ,ETABCFI1~ 6TFHPDS ,CNHPDS qEfHPDS~ ,TFHPCF rCNHPCF ,ETI4PCF ,DHHP.-F ,T20S
7TFIPOS ,CNIFOS ,ETIPOS ITFIPCF ,vChIPCF ,ETIPCF ,OHIFCF j21DOSSTFLPOS ,CNLPOS ,ETLPOS ,TFLPCF ,Ct'LPCF ,ETLPCF ,DHLPCF ,T220S
9T240S ,9IVCDS qDTDUOS ,ETAOOS ,hA23CS ,OPODS ,DTOUCF ,FT4ocr
AT?OS ,WFADS ,0TAFOS ,ETAAOS ,WG6COS pDPAFDS ,0TAFCF tFTAACF
RA5 5 tA25 PA6 9A7 9A8 ,A9 pA26 9 A29 I
CPS55 #A4.95 ,CVONOZ ,CVHNOZ ,ASSAV ,A9SAV 9A28SAV tA29SAV
CO M Nip*' SIDE/

I Pi t WAF , WA! , 9AC v ELF t BLDU , BOUI BLOUC
2 H22 H3 ,T21 ,P21 v H421 t S21 9DUMS1 ,DIJNS2
3123 ,? H23 vS23 IT24 OP24 PH24 ,S24
4T25 9P25 0125 fS25 9TZ8 qPZB PH28 9S28
5T29 9P29 qn S29 pOLM S3 ,DUMS4 ,DUMS5 vOUtIS6
W.0O ,WFC ,WG24 oFAR24. ,EIAO 10POUC ,8YFASS ,OUMS7
7TS26 9PS28 PV28 jA12e PTS293 VMS 29 ,V29 9AM29

0I1lCS!ON o:3)

0(3) :0.

hAO?.WAX*8LCU

HAXZWAFLWAI-HBL U*3,%AXH1/A

CALL THERMC(P23,H23,T23,i.23,XX2t,O.0,±)
8VPAS5=(WAF-WAI),WAI
NA23C=.WAD* SORT (723) /P23

~ WA23DSzWA23C

IF(OPOUCGT*1.9) OPDUC1.-

IF!IGASrMX*GToa) IOBURN=O
Ifr4:DeURN.NEs0) GO TO 2
T24=T23
WDOo
FAR24=09
bu

2 IF(IOURN.EO,2) T24=T23t200*
3 IF(T24cGT.'.000.) T24=4000&

IF (T24.LTo723) T24%=T23
C IF DESIRE0, ENTER CALCULA-TIONS FOR ETAD HERE

CALL THERJMC(P24,HAT24,X~Xx2,gOeoC)
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FAR24:(HA-H23)/ (HV*ETAOl
IF (FAR24.eL T e e) FAR2k--=C

rl AR 24 *W AO
IF(IOtURN3NE,2) GU TO 6
ERRW= tKFO-WFOX) /WFO
OTR:SCRT (WFD/WFCX)
CALL AFOUIR (0(1) OT4ER902-0 019IV2TvIO
GO TO (4,f 5)tIGO

4 T24=T24T
GO TO 3

*5 CALL ERROR
b WFD=WFOX

CALL THERWO(F24,H24,T24,S2'.,KX2,1,FAR249O)
WG24=WF04AD
IF(IOESEQ.1) WRTTE(6,IO1) WA230S

10i FORM~Ar(12HOOLCT1 OESIGW,2X8H WA23CS=jE15,8)
'*IF 9ESIRE0, ESTER OTHER LOSSES HERE

T2 5=T24
P25 =P24
12 5=H2i.
525=S24
IF(IGASMX.ICT*0) GO TO i1
WORO=AWORD2
A2 OSAV=A28
A2 9SAV=A29
NO Z 0
IONOZ=O
IF(NOZFLToEQ*2.OR*NOZFLToE~o3) NOZO:1
IF(IOES.OE.1.OR.I06URN.GT.O.OR.NOZO.EQ.I) IONOZ~i
IF(IOCD.EC.1) GO TO 8
CALL CONVR,(T25,H25,P25,S25,FAR24,WG24,PiIONOZA28, P25R,

132,H281,P2E ,S28tTS28,PS28,V28,AM28,ICON)
GO TO (9,t99,3,5) ICON
CALL CONDI -T75,H25,P25,S25,FAR24,WG24,P1,IONQZA28,A29,P25R,

112 S,H28,P28,$28,T29,H29tP29,S29,TS28,TS29tPS28,PS29,V28, V29 A-
2 £1129, ICON)

10 SHOC=ICOb
SO) TO C1i o,10 lt)5) 9ICCN
T29=T28

29=H28
P29=P28
S 9=S28
t 3, = T S28
PS79=PS28
v9 gV28

AM 29=AM2 8
C29=A28
VPSHOCICON.3

10 ERR(5)=(P25R-P25)/P25R
IF(IONOZ.3EO.1) bRITE(bol00) AM8AP'28,A29,AM29

~cu FORMAT (19HCOUCT NOZZ'.. 0ESIGt,5XS8- A28=,El.5.13,H AM28=tti-
1811 A29=iEi5.8q8H AM29=,Ei5,b)

CALL FASTBK
RE TURN

6,5



SUBROUTINE FASTBX
COMMON/ FRCNT/

LTl gPI t41 Il VT2 9P2 PH2 ,S2
MTi OP21 #9421 PS21 9T22 #P22 9 H22 9S22
3 T3 ,P3 043 9S3 9 , P4 tH4 ,S4
4T45 9P45 9H45 9S45 9TS ,PS ,H5 S
5 TS5 9 PS 9 H55 VS55 98LF ABLI p8LC 98LOUii6CNF ,PRF 9ETAF qWAFC ,WAF ,8LDUI ,8LOUC ,8L08
7 CNI 9PRI 9ETAI , WAIC ,biAI ,8L081 ,BLOBC , WA 3
OCNC ,PRC ,ETAC ,WACC tWAC ,ETAB ,DPCOM ,WG'.
9CNHP ,ErATHP ,0HTCHP ,OHTC ,OLHP ,8LHPX ,SAJpc ,FAR4
AGNIP ,ETATIP ,DHTCIP ,OKTI 98LIP ,8LIPI I'~ JkF ,DUMF
BCNLfl IETATLF ,OHTCLP ,0HTF ,8LLP PBLLPI tLkt.FC ,CS
CG45 ,FAR45 ,WG5 ,FARS ,IiG55 ,FAR55 ,nPEXT ,AII
DALTP ,ETAR ,ZF ,PCNF ,ZI ,PCNI ONC ,PCNC
EkF8 ,TFFHF ,TFFIP ,TFFLP ,PC8BLF vPC8Ll qPCBLC ,PQ8LOUI,
FPCOLOUCPCBLOBIPCBLOBCPCBLHPIPCBLNPCPC8LIPIPCBLIPCPCBLLPI,
GPCBLLFC
COMMON/ SIDE/

IXPI ,XWAF ,XI4AI ,XWAC ,XeLF ,XBLUU ,XBLOUI ,XBLDUC
2XH22 ,XH3 ,XT21 ,XP21 9XHt21 ,XS21 ,DUHS. 9OUNS2
3T23 ,P23 , H23 qS23 9T24 PP24. PH24 PS24.
4T25 ,P2r. 9H25 ,S25 9T26 9P28 PH28 ,S28
5T29 ,P2S 9"429 qS29 ,OLMS3 ,OUMS4 9DUMS5 VDUMSE6
6WAO ,WF0 9WG24 ,FAR24 ,E7AD ,0POUC t8YPASS ,OUMS7
7TS28 9PS28 ,V28 ,AM28 ITS29 1,PS29 ,V29 9AM29
COMMON /EACK/

X XT 55 ,XP55 ,XM55 9XS55 ,XT25 ,XP25 tXH25 , XS25
jXXWF8 ,XWG55 tXFAR55,XWFO 9XWG24 ,XFAR24,XXPI ,OUNB

3T6 VP6 9H6 IS6 ,T7 VP7 9H? 9S7
4T8 9pS 9HO pS8 qT9 ,P9 ,H9 VS9j5WG6 ,WFA ,WG? ,FAR? ,ETAA ,0PAFT ,V55 ,V25
6FS6 ,V6 tAgP6 ,TS? ,PS? ,V? ,AM7 , AM25
7TSO PS8 ,va ,AM8 ,TS9 ,PS9 PV9 9AM9
OVA ,FRO qVJO ,FGMO ,VJ" ,FGN vFGPC ,FGPMv
9FGM1 ,FGP ,WFT ,WGT ,FART ,FG IFN ,SFC

XT55=T55
XP 55= P55I XH 55 =H5 5

-' XS55:S55
XT25=T25
XP 25= F25
XH25=125
XS25=S25
XW FB= FB
XWG55:IWG55

XWF0=WFO
XWG2A.:WG24
XF AR24r.FAR2q
XX PL zF1
CALL COMIX

ENDU~'



SUBROUTINE COMIX
OIMENSION 00(g)
COMMON IALL/

LHORD ,ICES ,ODES ,KOES ,MOOE )I!41T ,IDUI*P ,IAPTP
2 IGAS M'XIN URN, I AFTBNIOC0 ,IMCD tJOSHOCIMSHOC,N0ZFL1,
3 IT RYS LOOPERPNOMAPt NUrn9APtHAPENo L ALL 9ERR (9)

4 COMMON/OESIGht
£PCNFGU ,PCNIGU ,PCNCGU ,T4GU ,OUMO1 ,OELFG ,DELFN ,DELSFC
2ZFOS ,PCNFCS ,PRFOS ,ETAFOS ,WWVOS ,PRFCF pETAFCF tWAFCFI
3ZIOS tPCNIOS pPRIOS ,ETAIDS OW*IDS *PRICF ,ETAICF ,WAICF
4ZCOS ,PCNCCS PFRCOCS ,ETACOS ,WACDS ,PRCCF ,ETACCF ,WACCF
5T40S ,WFeDS 90OCODS tETABOS ,WA3COS ,OPCODs ,OTCOCF ,ETABCF
6TFHPOS ,CNH4PS qEYHPDS ,TFHPCF fCIHPCF PETHPCF ,DHHPCF ,T20S I
7TFIPOS ,CNIFOS ,ETIPOS ,TFIPCF oCNIPCF ,ETIPCF ,0HIPCF vT210Sv
8 TFLPOS ,CNLPOS ,ETLPOS ,TFLPCF ,CNLPCF VETLPCF qOHLPCF ,T220S
9T240S ,biFCDS ,GTOUDS 9ETAOOS ,WA230S ,OPOUDS ,OTDUCF ,ETAOCF,
AT70S ,WFAOS ,OTAFOS ,ETAAOS ,WG6COS POPAFOS ,DTAFCF ,ETAACF
BA55 v A25 ,Afi ,A? 9A8 ,A9 9A28 tA29 I
CPS55 #AP9F5 tCVOt4OZ *CVP(NOZ ,A8SAV tA9SAV ,A28SAV ,A29SAV
COMMONIFRI'hTIOUMF1(98) ,ZF,PCNFOUPF2 (21)
COMMON / EACK/

IT55 ,P55 IN55 9,S55 JT25 9P25 tH25 ,S25
2 WFB ,WG55 ,FAR55 vWFO ,WG24 tFAR24 ,P1 9DUMB
3T6 ,P6 ,H S6 ti? ,p m S7
4TS ,P a HS ISa ,T9 ,P9 9 ,S9 .
5WG6 ,WFA ,WG? tFART ,ETAA ,DPAFT ,V55 ,V25 v
6PS6 ,V6 ,AMr6 ,TS? ,PS7 qv? ,AM7 ,AM25t
?TS8 ,PSG gVe tANS ,TS9 ,PS9 0V9 ,AH9 I
$V~A ,FRD ,VJO ,FGMO ,VJM ,FGMM ,FGPO ,FGPMt
9FGM ,FGP ,WFT ,WG7 ,FART FVG ,FN ,SFC

DATA AWORO/6h COMIX/
hO ROAWO RD
AJ77 8.26
CA PSF-.-2116.2 170
Gz32.17'.049
CALL FROCOM(FAR55,T5,XX± ;XX2, XX3 ,XX4pPHI5,XX5)
CALL PRUCOI4CFAR24,T25,XXI,XX2,XX3tXX4,PH125,XX5)
IF(IDES.EQ.0) GC TO 6

C *** CALCULATE ASS ANO A25 WITH PS25=PS55
I(PS55*EQ*Cob GO TO 50
TS55=T55*(FSv.555) **0*.86
00 1 I=1,15
CALL PROCOM(FAR5TS55,CS55,AK55,CP55,REX55,?MIS55,HS55)
PH Y.S=PHI 55 -REX55#ALOG(P55/PS55)
DELPHI=PHIS-FHI.S55
IF(A8S(OELPHl)*LE*0900)1*PHIS) GO TO 3

1 TS55=TS55*EXF (4* 04OCELPHI)
2 CALL ERROR

RETURN
50 TS55=0*875'OT5

A~0 DO li I1,5
CALL PROCOI4(FARSSTS55,CS55 ,AK5,CP5,REX5S ,PglS55,HS53)
IJ55=AI55*CS55
HSCAL=HS5-VS54*2/(2**G*AJ)
DELHSZ1SCA L-HS5
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IF(ASS(OELHS)*1.E*G*0CSS#HSCAL) GO TO 52
51 TSSS5'TSS5.CELHSJCP55

GO TO 0
52 FS 5 5 a 95 /E XP ( (P HISS-P H 1S5 5) / RE X 5 5
3 If(S5.GT*HSSS) GO TO 53

WRI(t (8,101)FS5,PSST5,TSS5,9455,HS55
101 FO RMATC22H0SORT OF H5S-HSS5 NEG ,6ElS*6,6NSSS$SS)

CALL ER~tU.
53 V5SOSRT(Z**G*AJ*(HN5HSSS))

RHO=CAPSF* FS 551 (AJ%'REX5*TS55)
A55=WG55/( RHO*V5)
AMSzVSSICSSS
IF(IGASMX*GT.0) GO TO 54
WR!TE (6,ICE) Ass,&:i5

104 FOR"AT(OHOTURBINE AREA OESIGN96XGH ASzE15.8,8H AN55,pE15.8
GO TO 34

54 PS25CPS55
TS253T25*(PS25'F2S)**0*2fi6
CO 4 I19,15
CALL FROCOP(FAR2L.,TS2SCS25,AK2S, CP2SREX2S ,PHIS25,HS25)
PHISaPHI25-REX25S9 ALOG(P25/PS25)
OELPH1=PHIS-FHIS25
IF (A8S(OEL PHI) *LE o 0O01*PHIS) GO TO 5

r4 "TS25=TS25*EXP(4o090ELPHI)
GO TO 2

5 IF(142SeGT*HS2S) GO TO !iS
WRITE(8,3Q2) P25,PS25,T25,TS25,H25,HS25

102 FORMAT(?2H&SQRT OF H25-HS25 NEG ,6iElS.b,6HSSSSSSJ
CALL ERROR

55 V5xSGRT (2 o*G*AX (H 25-HS25)
RHOCGAFSF*FS2S/ (AJ4REX259TS25%
A2S:WG24/(FHO*V25)
At25zV25/C 525
WRITE (6 10 0)A559 AMS5,A259AM25

100 FORNAT(25HOTURSINEIDUCT AREA DESIGNTH AS5zEI5*8,
LeH AM55:,E15.8p@H A25=,E15*898H AM25spE15.8)
GO TO 20

C 4*10 CALCULATE PS55 AND PS25
6 %QA=WG55/A 55

C1:-P55*SQRTCG/tTS55AJ))fCAPSF
MCONz0
00 (2) =Oo
OO(3):O.
AM 55= 0 50
TSS5=G0 875T55

7 00 a I1,$.s
CALL PROCOF(FAR55,TS55,CS55,AK55,r.P55,REX55 ,PHIS55,HS~c)
V55=AM55*CS55
HvSCALzH55-V55*2/ (2 .'G*AJ)
OELHS=HSCAL-HS55
IF(ABS(OELI4S).LCi00O5*HSCAL) GO TO 9

8TS55a.TSS5*OELt4S/CP55
C O TO 2

i((AK5S+1.)/(2.'(AK551.)))
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AMX= A t55
IGOGO=G

10 OIR=WQAIWQAT
EW=CWOA-WQAT)/WQA
CALL AFOUIR(OO(1) ,ANXEN,0. 30.,0.0005,OIRAMXTICON)
GO TO (1,91592)91CON

±1 IF(AtIXT.LE*1.O) GO TO 13
AM XT= 0
IC ON=MCON+ i
IF(MCGN*LE*1) GO TO 13
IF(MOCE*EQe3) GO TO 120
WRITE (8, lU3tFCNFAtIXPSSPS55,P25 PS25

103 FORMAT (12HOCOIIX PCNF=#F?.494H AN,9F896,5H P55=,F9*S,
16H PS55=tFg.595H P25=PF9*5,6H PS2Sz:,F9.Sd,SS$S$S)
PCNF=1*01*PCIF

12 NOMAP=7
WTURN

120 WRITE(8,12l)ZFAHiXP55,PS55,P25,PS25
121 FORMAT(IONOCCMIX ZFVF8.594N AM=,FS*695H P55=,F9.5,

16H PS55=,pFg*S5,5 P2529F9*5,6H PS2S,9F9o5,6HSSSS)
ZF=0o9*ZF
GO TO 12

1s IF(IGOGO*EG*1) GO TO 14
AM55=A"XT
GO TO?7

14AM 25A MX T
j GO TO 16

15 IF(IGOGO*EC.1) GO TO 19
PS55:P55/EXP((PHI55-PHIS55)/REX5S)
IF(IGASMXoLEo0) GO TO 34
WQA=WG24/A25j Ci=P25*SORT(G/(T25*AJ) ) CAPSF
P'C ON= 0
GQH2b0.o
OQ(3)=Go
AM 25=0 *25
IS25=u.875*T25

16 00 V7 I=1915
CALL PROCOP(FAR24,TS2SCS25,AK25,CP25,REX25,PHIS25,HS2SJ
V2 5=A?4254C S2 S
HS CAL =H 5 2 5*2/ (2 *G AJ)
DELHS=HSCAL-HS29
IF(ABS(OEL14S)oLE*0.fl5*HSCAL) GO TO 18

17 T1S2TS25#OELHS/CP25
GO TO 2

18 hQAT=C1.SQRT(AK25/REX25)AM25/(*(AK251.o)'At25'*2/2o)**
I (( AK 2c +I s) (2 o W2S'15
AM X=A 12 5
IGOGOzl
GO TO 10

19 PS25=P25/EXP((FH125-PHIS25)/REX25)
21, WG6=WG24+WG55

ERR(5)= (PS25-PSS5)/PS25
14F6=WFO#+WF 0
FAR6:WF6/(ChG6-WF6)
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CALL ~1Fa~ .

1'5 I:1915
CALL fk4dCOP(FARt#,TS6,CS6,AK6.CP6,FEX6,PHIS6,Hsb)
CWG6SCRT(AJeREX61Tl(AK6*u,)
C3=C2/f(CAPSF*Cl)

C4 AK6- s ). r.(C34 t-K6) *

CoazGf2*4.CI.*C3**2
IF (C6)ZI922P23

21 CALL EVARCR

22 A362Gx-O5I C2o*C4)
GO TO ','4

23 AM2;4-,T0) C)12 G'
424 IFCAlCLG.LE~i. i GU 10 21

AM 6G SUR T ( A 1162(
V6 6At4MGG G

GE LH S=IS oA L-fHSf
IF(ABS(OtiL'iS)o..,.o.JIJ54HSCAL) GO TO 26

GO TU 2!
26 IF(IGASMX.cTruy A6G=A25+A55

FS6=02/(' AFSF*A6G*Atb,4lC7)
FE-.PiS6*4EjAP ((FH16-PHIS6) /REX6)
CALL TiiERNO(P6ti6.T6,S6vcxX.Lp,FAR6,C)
S6AV-(t,.O24S.,4+G55.St ) /WG6
IF(S6eGEsSreA Es CO TO 27
S6=S6AVE

27 IF(IGASNX*EC*±) 60 it' 35
IF(I0iES.oC0L) GE i0 Z

C 4#4 CAULATh AE AS A FUNCTION OF INFUT AM6

co 28 JJ=1915
LMLL PO ,1~.CSGAKc,Cr6,FEX69PHIS&,HS6)

V6=AM6*C$'-
1SCM..416-V6'l*. i** dj

O~'L~L...UMC-*1~CALGt; TO 2

29 GO To 2

Af4bOS=AMEb

2GO ro<ITlH-b,j. .Ar lf:.k~ Et4TfANCE DESIGN AREA A6 ,F8.3)
GO To i6

C *** CALCULATES APb= (AWUSiGN)
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00 32 I=Iv15
CALL PROCO4 (FAR6,TS6PCS6,AK6,CPEREX6,PHIS6 ,HS6)
PS6PzPSG'( TSGP/1S6)**(AK6/(AK6-1.0))
RHO=CAPSF*FSGP/ (AJ*REX6*TSGPI
IF(H6.GT*HS6) GO TO 31
WR ITE (8,20 1) P6,PS6P ,T6, TS6P

201 FORMAT(20HOSORT OF H6)4S6 NEG ,SE1S.6,6HSSSSSl)
CALL ERROR

31 V6=SORT(2. *G*AJ' (H6-HS6))
A6P=WG6/ £RHOV6)
OELA6zA6P-A6
V6=WG6/(RHO9A6)
AM EuV6/CS6
AMl622AM6442,
7 (A8S(DlELA6)*LE.0o.O2*Af) GO TO 3

32 TS6P=T6I(l1.0,((AK6-1.O)I2.0)*AM621)
GO TO 21

33 TSB=TS6P
PS 6= PS6P
GO TO 36

34 T6=TSS
P6=P55
H6zH55
S6=S55
NG6:WG55
PS 6:PS55
V6=V5S
AM 6=AP955
IF(IGASWqX*EQ*0) MOMAS
GO TO 36

35 AM62=AM62G
A6AI06G
A6=A254A55

36 CALL COAFBN
RETURN
END
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COMMON / ALL/
INORD ,IOE.S ,JOES 9KOES ,MOOE ,INIT 91DUMP 91ANTPt
21GASMXPICB'URNPIAFTBNPIDCl *lMtCD PIDSHOCIIHSHOCvNOZFLT,
31TRYSLOOPERNOMAPNUMMAPMAPE0G,1OLALLERR(9)
COMMNNI/ESIGN/A

IPCNFGU ,PCt4IGU ,PCNCGU ,T4GU ,oUmDI ,OELFG ,OELFN ,OELSFC
2ZF0S ,PCt4FOS ,PRFCs ,ETAFOS ,NAFDS ,PRFCF ,ETAFCF ,WAFCF2

3ZOS ,CWC ,R.. ETA1OS ,WAIDS ,PRICF #ETAICF ,WAICF 34
4ZCOS fPCNCOS ,PRCDS ,ETACOS ,WACDS ,PRCCF tETACCF ,WACCF4
ST40S ,WFOS ,0TCODS 9ETASOS ,WA3COS *OPCOOS sOTCOCF ,ETABCFj
6TFHPOS ,CNIIPOS ,ETNPOS ,TFHPCF ,CFkHPCF ,ETHPCF ,OHHPCF ,T2OS
?TFIPOS 9CNIPCS ,ETIPDS ,TFIPCF ,ChIPCF 9ETIPCF ,OHIFCF ,TUiOS
GTFLPOS ,CNLPOS ,ETLPOS 9TF~L0CF tCWLPCF tETLPCF tDHLPCF ,7220S
9T24DS ,WFODS ,GDOUOS ,ETAOOS ,14A230S ,OPDUOS ,0DUCF ,ETAOCF
ATDS ,WFAOS ,OTAFDS *ETAAOS ,WGbC'1S ,0PAFOS *DTAFCF ,ETAACF 5'
BASS PUS5 9A6 PAT PAS In9 PAU0 A2C)
CPSS5 ,AMSS ,CVONOZ ,CVMNOZ tA8SAV ,A9SAV 9A2OSAV *A29SAV
COMMON /EACK/

IT55 ,P55 PH5S PS55 ,T25 ,P25 ,H25 ,S25 ,
2WtB ,WG55 ,FAR55 ,WFO ,WG24 9FAR24 ,Pi. ,ouMB 9
3T6 VP6 9H6 SG ITT PP PH? ST
4T8 ,pe ,HG SO, 9T9 PP9 ,149 ,S9
SNG6 ,MFA ,WG7 ;FART ,ETAA ,OPAFT ,V55 ,V25 9
6FS6 ,V6 ,AH6 ,TS? ,PS7 PVT PAMI7 PAD25 I
MeS ,PS8 Iva tAMO ,TS9 PPS9 Ivg ,AM9
OVA ,FRO tYjo rFGMO ,VJM ,FGM ,FGPD ,FGPMI
9FGM ,FGP ,WFT ,WGT ,FART ,FG ,FN ,SFC '
DIMENSION C(9)
DATA AWOROI6HCOAFON/
NO RD zANO RD

CAPSF=2116 .2170
G=32olaiO49
NF6NFB
IF(IGASMX* GT.0) WF6=NF64.WFO
hA6=NG6-WFt:

C *'CRY LOSS
G6C=WG6*SCR1 (T6)/P6

2 IF(IOESsEO.1) WG6CDS=WG6C
IPAFT=OPAFDS'CWG6C/WG6COS)
IF(DPAFT*GTo1.) OPAFTzI.
P7zP6f(l*-CFAFT)
A7xA6
FA RbWF6/WA(
CALL FROCO9P(FAR6,T6,XXjXX2,XX3,XX4,PHI6,XX6)
WQA=NG6/A7
CizP7*SQRT (G/ (T6*AJ) *CAPSF
AM7= AM 6
TS7=O.8?5*T6

20 00 22 I19,15
CALL FRCPFR9S9S#KtPtE7PI7KY
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HSCAL=H6-V?*#2# (2**G*AJI
OE LHS=HSCA L-HS?
IFCA8S(CELHS)sLE*G00OO*HSOAL) GO TO 24

22 TS7:TS7+OELHS/CF7
GO TO 8

24 h4QAT=C1'SQRT(AK?/REX7)#AK7/(.*+(AK?.1.)*AN17'*2I2.)'#*
£ C(AKI*1.)/ (2**(AK?-l*) ~

IOIR=WQA/WQAT
EW:C WOA-WQ AT) /WQA
CALL AFQUIR(C(l),AM7,EW,0.,3O.~O.BOO5,OIRANTPIGO)
GO TO (26P28,8),IGO

j 26 AM7=AtA?T
IFCAM?.GE.1.0) AH7=C.'3

P ~ G 28 C*T20
28 PS?=P7/EXP((PH16-PHIS?)/REX'V)

IF(IAFTBN*GT*0) GO TO 4
C NOt4-AFTER8URNING
3 17=T6

WFA0.0
FART=FAR6
WG7=WG6
GO TO 13

C AFTEREURNING
4 IFCIAFT8B.402) TIzT642000*

IF(T7LE*T , GO TO 3
RH065=CAPSF*FS7/ cAJ*REXT*TS7)
PS65:PS?
W65V7
012)=Q*
0(3) :0.

5 IF(T7.GT.4000o) T7=4000*
C IF DESIRED, ENTER CALCULATIONS FOR ETAA HERE

1.. 20515OIE-07)'T?-.24!i3116E-03)'T-9433296E-61)'T,.1845537E0
CALL THERMO (F?,$HAT7 9XXI PXX2to to.oo)
FAR7z CHA-H6)/(H'J'ETAA)
IF(FAR?.GT040 GO TO 6
77=T6
GO TO 5

6 HFAX=FAR7fNGb
!IF(IAFTBNoEQ.1) GO TO 9
ERRW= (WFA-NFAX) /kFA
OIR=SORT (WFA/NFAX)
CALL AFQUIR(C C1JT?,ERRW,0.,20.,O.0OCDIRT1TIGO)
GO TO (?,1098)91GO

i T7=T7T
GO TO 5

8 CALL ERROR
9 W A=WFAX
10 FAR7= (WF6.hFA)/WA6

WGT=WG6#NFA
C )MOMENTUP LCSS

CALL FROCO'(FAR7,T?,XXI, XX2,XX3,REXZPHI7,H7)
RH07=CAPSFIOP7/(AJ#REXI#T7)
V7=WG 7/CRN C79 A?
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Q(31 =0.

FS7=PS65-G .01

HS7ZN?-V7'92i(2e*G*AJ)
CALL THERMO(1.O,14S7,TS7,PHIS7,XX2,iFAR?,1)
IF(MSGE0 3O164 GO TO 110
CALL THERC(1.0,HS?,.00.,PHIS?,XX2,1,FAR?,0)
V7=SQrtT(2,*G*AJ*(H?-HS7))
GO TO 11

110 PSI=RHO?'AJ*REX7*TS7/CAPSF
PS7A =PS65+ (RN65'V6!'*02-RHO?*V74*2) 9(%. *SF)
GIR=SQRT (AGS (PS 7/PS7A))
EP:(PS7-PS7A )/PS7
CALL AFQUIR(O(13,v?,EP,0.,5CO..0005,ORlv7TIGO)
W = V 7T
IF(V?oLT*iOOo) V7=100*
GO TO (11,12,O)lIGO

£2 P7=PS?*EXP ((PHI?-PHIS?) /REXT)
CALL FROCOt'(FAR?TSTCS?,XX2,XX3,)X4,XX5,XX6)
AMT=V?/CS7

13 CALL THERNO(P7,H7,T7,S?,XX2,1,FAR?,0)
IF(IOESsEO.1) WRITE(6,10) NG6COS

100 FORMAT(19HOAFTERBURNER OESIGN,5XSH WG6COStEl5*8J
CALL COMNOZ
RE TURNI
EN 0
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SUBROUTINE CON02
COMMION I AL/

iWORD ,IOES ,JDES tKOES ,NODE ,tINIT tIOUPIP VIAPTP p
2 lGASM~(,IOBURNIAFTBNIDC0 ,tIfCD 910SMOCtIISHOCqR0VrFLT,
CO14I'SfLO.OPEINOM NMAiAEDOA~ER
3OITRYSLOEIGNOMPNHAAE0,OALE

IFCN GU ,PCNISU ,PCNCGU 9T4GU ,OtW1 ,DELFG tDELFN ,DELSFC
2ZFOS 1PONFOS IPRFDS ,ETAFDS 9WAFDS ,PRFCF qEAFCF ,WAFCF
ILIGiS ,P(.#410S ,PRIDS ,ETAXOS 9WAIOS IPRICF ,ETAICF ,WAICF
4ZC9S 9PCNCCS ,PRCDS :EYACOS SWACOS ,PRCCF gETACCF ,t$ACCIF
5140)S PW'cSID$ #DTCODS *ETA8OS 9UP300S ,OPCOOS ,DTCOCF tETABCF
fbTHPOS ,GtNPPIS PETHK'O! ,TFHPCF ,CWt4PCF ,ETHPCF ,OHHPCF tT2OS
IFIPGS ,CHU- PETIPOS 91FIPCF 9,iKIPCF ,ETIPCF ,OHIPCF #TZIDS

8 TFP POS #CNLIF.1S ,ETLPOS pTFLF C 9CNLPCF ,ETLPCF ,OHLPCF ,T22WS
91240OS ,W4FCOS ,0TOUOS 99TAOOQS ,WA230S ,LiPOUOS ,DTOUCF ,FTADCF
AT0S oWFAiOS 915TAFOS *ETAAOS tNG6COS ,OPAFDS #OTAFCF pETAACF
DA55 9A25 fA6 9A7 ,A8 9A9 *Azs ,A29
CPS55 sAIA55 ,CVON04, ,CVNOZ VAeSAV tAgSAV tA28SAV IA29SAV
CANNOqN /EACK/

1T55 ,PS5 0K55 9S55 ,T25 ,P25 ,H25 PS25
21118 ,NGS5 ,PARSS ,WFD ,1WG24 9FAR24 ,P1 ODUI4BI
3T6 tF6 'ING 9S6 ,T P7 ,H7 PST

4T P8 $me tSe tT9 ,P9 9H9 ,S9 p
ShG6 , OFA ,WG? 9FAR7 ,ETAA ,OPAFT ,V55 ,V25
b:FS6 ,V6 ,AH6 ,VTS? ,PST tVy tAHT PA1125
?1S6 PS8 ova 9AK8 ,TS9 ,P59 *V9 tAI 9 f
8VA ,;Ro ,VJo PFGII ,vim ,FGtK ,PGPO tFGPM f
93FG1' jFGP ,WFT tWGT ,FART ,FG ,Ft4 PSFC
GAlA AW0ROI6HIW0ZZL/
QRO=A WORD

AUSAV=AS
A9SAV:A9

IMNOZ=O
IF tNOZFLT.EF.O.1.o.NOZFLToE~o3) NOZPI=l
IF;LCES.Elo.1.OR.IAFT8NoGToOeORNOZM.EQ.1) INNOZ=1

£T8,H8,P8,SSTS8,PS8,VA18,ICON)
GO TO (3,393,2),ICON
CALL CONOI'd(T~tH7,P7,S7,FAR?,WG7,FIIMNOZABA9,P7R,

118 ,H8,P8S8,eT9tP9,P9,S9,TS8tTS9,PS8,PS9,V89,9AN8,AM9,ICON)
ImiSHO0C=I CON
GO TO f4,4,4,2),ICON

2 CALL EFkROR

sq=s s
IS9=1S8
PS 9= PS8
Y9=V 8
AN9=AI'8

I?1SFI0C=1CON+3
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SUSROUTINE PERF
COMMON' / ALL/

iWORL1 ,IOES WJOES ,KDES ,IONE ,INIT vIOUtPP ,1AMTPg
2IGASMX,%IDBURNIAFTBNvI0CO 4900C vI0SHOCtIMSHCqN0ZFLTq

COMMCh/DESIGNI
IPCN4FGU iPCNIGU ,PCNCGU ,T4GU ,OLHO1 ,OELFG ,OELFN ,t3ELSFC,
2ZvoS vPCNF12S ,PRFOS sETAFOS wbAFos ,pRrCF ,EIAFCF ,I4AFCF
.3z10s .PCNIG5 ,PRIOS ,ETAIOS ,WAIOS 9PRICF ,E7AICF 9WAICF t
4 4ZC OS IPCNCOS ,FRCDS ,ETACOS ,WACOS ,PRCCV 9EIACCF qWACCF
5 T4 S ,WFEOS ,OTCOUS .ETABOS ,NA3COS ,DPICOOS ,OTCOCF ,ETA8CFI
6iTFHPOS ,CNHPrS ,ETHPDS #TFHPCF #CNHPCF ,ETHPCF ,DHIHPCF ,TZDS I
7TFIPCS ,CNIPCS ,ETIPOS ,TFIPCV ,ChIPCF ,ETIPCF 90HIFCF ,T210S I
8TFLPIOS ,CNLIPOS ,ETLPOS ,TFLPCF ,ChLPCF IETLPCF #OHLPCF J220-5
9TZ40S 1,WFODS ,0OUDS ,ETAOOS 9WA230S ,DPDUDS ,DTOUCF ,ETAOCF
A T7 S ,NFAOS ~oTAFUS ,ETAAOS 9WG6iCOS 90PAFOS ,OTAFCF pETAAGF
BA55 ,.A25 9A6 rA? ,Ae 9A9 IA28 9A29
CPS 55 9 AM , CVONOZ ,CVMNOZ , A S&V ,A9SAV tA28SAV ,A29SAV

COMMCN. f-RCNT/
iI 1111 ;H ,S1 PT2 OP2 9H2 9S2
2T21 9 21 9;2 S21 ,T22 qP22 OH22 ,S22 I
3T3 ,P3 ,H3 9S3 9T4 §P HE. vS4j 4145 ,P45j 9H45 ,S45 ,T P H5 ,S
5T55 IP55 ,H5r- PS5 P8LF ,BLI ,BLC ISLOU
6CNF 9PRF PETAF ,NAFC ,WAF ,810U1 ,aLDUC ,GLOB
7CNI 9PRI 9ETAI ,WAZC ,WAI ,BLOBI tBLOBC ,WA3
GCNC ,PRC ,ETAC vbIACC ,bI*C ,ETAO ,0PCCH ,MG4
9CNHP ,ETATHC- ,OHTCHP POHTC f8LHP ,BLHFI ,8LHFC 9FAR4 f

*ACNIP tETATIP 9OHTCIF 90HTI :BLIP vBLIPI 98LIPC pOLJMF

CWG45 ,FAR49 9MG5 ,FAR5 ,14G55 ,FARS5 ,HPEXT ,AM
0 AL TP , ET AR ,ZF ,PCNF lZI ,PCHI ,ZC ,PCNC
EWF8 ,TFFI4P ,TFFIP ,T'FFLP ,PCOLF ,PC8LI ,PCOLC ,PCBLDUI,
FPC 3LOUC, PC aLC9I PC83LOBC rCBL4P IsPCBLHPCtPC3LIPIP PCBLIPCvPC8LLPI t
G PC B!L LC

COMON./ SIOE/
ixpl 1,XWAF 1XWAI ,XWAC IXELF tX3LOU ,XBLOUI 9XBLOUC
2XH22 .XH33 XT2I, VXP21 ,XH2!, ,XS21. 9DU'S1 ,OU'S2

2;T23 23 tH23 ,523 ,T24 tP24 ,H24 ,S24
472 P2 5 025 fS25 ,T28 ,P28 vH28 Sa f
5 T2~ 9 2 H29 PS29 ,OLu"S3 p0U14S4 #DUMS5 -DUMS6 I
6WAD WXFC ,hG2I. 9FAR24. vETAO DpopoUC lBypolS', $Bums?
7TS2R ,PS28 ,V28 rAM28 ,TS29 9PS29 ,fl9 9AM29

coil&ICN / FACK/
X XT 5 - ,P55 ,X#h55 9XSSS *XT25 rXP25 tXH25 PXS25 ,
XXWFP )twG5S ,XFieR55,E4PVt~ X1G24 PXFAR24,xxpi ,OUNBt
Sib ,P6 ,HG ,S6 ,T? p7? TH7 VS7 I

4Ta H8 a S Is T9 o, H9 ,S9
5W(6 ,WFA ,WG? ,FAR7 ,ETAA ,OPAFT tV55 ,V25
6FS6 ,V6 ,AIP( ,TS? ,PS7 ,v PANT PAH25
1'TSS ,OS8 ,VS ,oAMB ,TS9 ,PS9 ,V9 9AM9
OVA ,f-R[ ,VJo ,FGNO vVJN ,F'GMM tFGPO 9FGPM
9FGM ,FGP 9WFT ,WGT #FART ,FG ,F SFC
CATA. A;%CRO/614 FERF/

WORlAWO RD
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G=z32*17404i.
CAPSF=211692 70
WFT:WFB.WFV+WFA
IATWAF-BLQ6
MG T MAT 4 MV
FART=WFT/W AT
VA=AM*CS ~
FRDxVA*WAF/$G
VJM=CVMNOZI V9
FGM*ISVJN#WG7/G
FGPf~zCA.s;(pSg..Pl)#g99
IF (IGASMX9 GT te) GO TO £

FGMD=YJO#WG2 4 1r,
FGPOZ=CAPSFvlPS29-Pl)*A2- '
FGt1=FGMtB.PGM
FGP=FGP'+FGPO
FG=FGP+FGP
FN=FG-FRO
SFC=3600**W FT/Fh
FG=DELFGOFG
FN=DELFN*FN
SFCODELSFC #SFC
CALL CUTPUT
CAL.L ERROR
RE TURN
END
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SUBROUTINE CCNOUT(ICON)
CIrIENSION hOROY(345),IOUT(i5O),AOUT(6),WOUiT(6),PARA',1C96),

1 PARA,'(i2i) ,PARAt13(56),PARAM4.(72)
COMN t' ALL/

IWORO ,IOES ,JDfES ,KDES ,MODE ,!NIT ,I')UtP ,IAMTPI
2lGASMX,YO8URNtIAFTBNvIOCO pIMCfl ,IDSHOCIMSHOCNOZFLT,
3ITRYS,LOOPERNO 1AoNJKNAPMAPEOGTOLALLERR(3)

COMMON/DES IGN/
JPCNFGU ,PCNIGU ,PCNCGU ,T4GU ,OUMOi ,IELFG ,DELFN tOELSFCI 2ZFOS tPCNFOS ,PRFOS ,ErAFOS ,WAFOS tPRFGFV ,ETAFCF ,WAFCF
3ZIOS ,PCNJICS ,PRIDS ,ETAIOS ,WAIOS iPRICF ,ETAICF ,WAICF
4ZCOS ,PCNCOS ,PRCDS ,ETACUS ,WACDS rPRCCF 9ETACCF ,WACCF
5 T40S PWFBOS tGTCOOS ,ETABOS 9WA3CDS ,OPCOOS ,oTCOCF ,ETA8CF
61FHPDS ,CNHPOS PETHPOS PTFHPCF ,CNHPCF vETHPCF ,OHHPCF ,T20S
7TFIPOS ,CNIPOS ,ETIPOS ,TFIPCF qCKIFCF ,ETIPCF ,OHIPCF 9T21OS
8TFLPOS ,CNLPDS ,ETLPtJS ,TFLPCF ,GNLPCF ,ETLPCF ,OtILPCF qT22OS
97240DS IWFCOS tOTOUDS ,ETAI)OS ,WA230S ,OPDUOS POTOUCF ,ETAOCF
AT70S ,WFAOS ,aTAFLJS ,ETAAOS ,WG6CDS ,DPAFDS 5CTAFCF ,ETAACF
B455 9A25 fA6 AT 7 A8 ,A9 ; A28 1,A29 I
CPS55 AM55 ,CVONOZ ,CVMNOZ ,A8SAV qA9SAV ,A28SAV 9A29SAV
COMMON/ FRONT/

ITI ,In OHI psi. ITZ 9P2 9H2 vS2
2 r2 I ,P2I H21 ,9 ,S21 ,T22 PP22 , H22 tS22
3T3 g,J PH3 ,S3 9TP4 IH4 tS4
4T145 qP45 ,M445 ,S45 ,15 tP5 ,H5 VS3
5T')5 ,P55 H55 9S55 ,SLF ,BLI OILC tBLOU
60~F ,P-RF ,ETAF ,WAFC ,h*F ,3LDtJI POLOUC BLOG
7 CNI ,PRI p ETA I ,UAIC ,WAI BLOBX ,BLOBC ,WA3
8C-NC ,PRC ,ETAC ,WAIC ,WAC ,UIAB ,OPCOM ,WG4
9CNHP ,ETATHP jOHTCHP ,OHTC sBLHP ,BLHPI vBLHPC ,FARL.
ACNJIP YETATILP ,DHTCIP ,0HTI ,BLIP ,BLIPI ,BLIPC ,DUMF
f8CtiLP ,ETATLP ,DHTCLP ,0HTF ,BLLP ,8LLPI ,BLLPC P05
0$%G45 ,FAR45 ,WG5 ,FAR5 ,WG55 ,FAR55 ,HPEXT 9AM
041 TP ,ETAR ,ZF ,PCNF z 1 tc4 I n ,Z PCNC

,t i TFFHP ,TFFIP jTFFLP ,PCBLF ,PCBLI ,PCSLC ,PCBLC
F ,r'iLLCPCELC8IPC8LOBCPCBLHPIPCBLHPCPCBLIFIPCBLIPCPCBLL-.
GP' 'b.LPC

CL C'MMO0NI SIDE/
1 Ix ~ , XWAF ,XWAI ,XWAC :ELF ,XBLDU ,X8LOUlI-O~LUUC
2xH22 ,XH3 ,XT21 ,xP21 PXH~2i VXS21 ,OUMSI ,OUMlS2
3T-3 023 ,1H23 9S23 IT24 ,P21v rH24 P2
4S' PP25 IH25 vS25 9T28 ,P28 9H28 ,S28

5T?9 SP29 ,H29 ,S29 ,DLI1S3 ,DUMS4 ,DUMS5 tOUMS6
6t*,:WFC IWG24 ,FAR24 ,ETAD ,DPOUC 16YPA~SS ,OUMS7

71-a8 ,PS26 ,V28 ,AM28 ITS29 ,PS29 0V29 ,AM29
CXS ,XP55 /X5 ,X6AT5 XC ,HK X2

X XlT'N 5 XP5IH5 X5 CT5KP2 X2 9X2
XxiFB ,XWG55 9XFAR55,XWFO ,XWG24 ,XFAR24,XXPI OUMB
3Pr ,P6 ,H S6 ,T7 P7 v.H7 ,S7 I

,T P8 ,~ Sa ,T9 ,p9 vH9 S v
t51<16 ,WFA ,WG7 ,FAR? ,ETAA ,0PAFT ,V55i vV25

6 P 6 0v 6 ,AP6 pTS1 PPS7 ,v 7 pAIIT ,AM25
7T-,8 tPS8 9V8 *AH8 ITS9 vPS9 qV9 tAM9 I

8 ,t. FRO ,YJo ,FGMD ,VJ vi ,FGMM ,FGP0 rFGPM
9F',M ,FGP ,WFT ,WGT ,FART pFG ,FN ,SFC
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EQUIVAI..ENCfE (PARA~itI;,PCNFGU),(PARAM2(1),T1),(PARAM3(;,'XPI),
£ (PARAM4(I)9,XT55)J

DATA CWOROY(X~,I !i96)/
17THPCMFGtJ PHPCNIC2'J ,tHPCNCGU v7HT'.GU 97HOUMD' 971'OELFG
29.HOELFN ,?HOELSPC ,THZFDS ,THPCNFOS ,7HPRFDS ,tHETAFDS
S?HWAFOS ,7HFRFCF ,THETAFCF ,7HWAFCF 9THZIOS ,7HPCNIDS9
47HP~zros ,7HETAIQS 97HWAXOS 97HPFICF ,7HETAICF ,7HWAICFI

±5714ZCDS ,71FCN'%DS v7HPRCOS *7HETACOS 17HWACDS 97HPRCCF
67HETACCF 97HNAM~ ,7HT4DS ,7HHtFBDS ,THDTCCOS t7HETABOSI
77HWA3COS ,7HOPCOOS 97HDTCOCF 17HETA&jCF ,1HTFHPOS ,7HL'NHPUS
87HETNFOS ,?HTFHPCF 7,HCNHPCF ,?HETHPCF ,7HDHHPCF ,7HT20S
'37HTFIPCS t7HCNIPDS 9THETIPUS ,7MTFIPCF ,7HCNIPCF ,7HETIPCFq
i7HOHIPCF ,7H72iDS 97HTFLPOS ,IHCNLPOS ,?HETCLPOS 57HTFLPCF
2?.HCNLPCF ,?HETLFCF ,7HOHMLPCF ,7HT22OS ,THT240S p7HWFOiDS
Z;7HOTOUOS ,7HETADi)S 27HWA230S 97HOFOUDS ,7HDTDUCF ,7METAUCF
41HTT0S t?HWFADS ,tHtITAFOS ,7HETAAOS ,THWG6COS 97HOPAFD5
5?HDTAFCF ,7HETAACF ,7HAS5 ,7HA25 ,7HA6j ,7HA7 f
67HA8 t7HA9 97HA28 2714A29 97HPS55 ,?HAPI55 f
7?HC;VDNOZ ,7HCVMINOZ t7HAOSAV ,7HASSAV 97HA26SAV ,7HA29SAV
DA TA (WORD V (I) 1=7,i 50)

i7HTI. 17HPI ,7HHI ,7HS1 ,7HT2 9711P2
27HH2 v 7HS2 t7HT21 tHP2i £THH.9- 9 7HS21 9
37HT22 97HF22 97HH22 97S2 7HT3 .7HP3 t
4i'HH3 ,?HS3 ,THT4 ,?HP3 17HH4 t7HS4
57HT45 ,V~f45 97H4 7HS45 ,THT5 ,THP5
67HH HS5,97HT55 ,7HP55 ,7HH55 J1HS55
77HBLF 17H811 97HBLC ,?HBLOU 97H4CNF 17HPRF I
87HETAF 9?HNAFC 97HWAF ,?HBLDUI 97HOLOUGJ s7HBL08
97HCNX 97HPRI ,7HETAI ,THWAIC 17HWAI ,7HOLOGI
DATA (W0R0YQI)fl=15lj2i7)/
IHBLOEC ,7&1WA3 97HCNC 17HPRC ,7HETAC ,THMACC I
27HWAC ,7HETAB ,7HOPCOM p7HWG4 o7HCNHP ,7HETATHP
37HOHT'-HP ,7HCHTC p7HBLHP f7HBLHPI ,l7IBLHFC ,?HFAR4 I
47HCNIP ,7HETATIF ,7H01ITCIP ,7KHUTI ,7H8L14 ,714BLIPI
57HBLTPC ,?HCUNV 97MCNLP r7HE7ATLP ;7HOHTCL.P ,?HOHTF f
67HBLLF ,7HELLPI ,tH6LLPC 97HCS tHWG45 ,7HFAR45
77HWG5 ,7HFAR5 ,?H1G55 971;FAR55 ,7HHPEXT ,?HAM
87HALTV ,7HETAR ,7HZF ,7HPCHF ,7HZI ,7tFPCNI I
97HZC P?HFCN*C ,7HWFB ,THTFFHP ,THTFFIP ,7HTFFLPt
i7HPCBLF ,7HFCOLI ,tHPCBLC ,7HPCBLOUI,7HPCBLDUCt7HPCBLOBIO
2 ?HPCBLO8C, ?HPCBLHPI p HPC6L.HPC9 7HPCBLIPI t7HPCBLIPC I7HPCBLLPI I
3YHPCBLLPC/
DATA (WORD lI)PI=2i8,2 3)/

±7HXPI p?HXWAF ,7HXHAi 97HXhAC ,?HXBLF ,7HXBLLJU
27HXBLOUI ,7HXELOUC 97HXH22 ,7HXH3 ,THXT21 ,7HXP21 f
3?HXH2i p7I4XS21 ,7HOUNI~ ,7H01,.S2 ,7HT23 ,7HP23 I
47HH23 y7HS23 p7HT2'. ,7HF24 97HH24 ,?HS24 p
57HT25 ,7HP25 f7HH25 9TH-S25 ,7HT28 $FHP28
6?HH20 ,7HS28 97HT29 t7h7^9 IIHH29 ,7HS29 v
77HOUMS3 t714CUMS4. 1711IOMS5 97HOLMS6 ,7HWA) THWF
87HWG24 ,?t4FAR24 17HETAO t7HOPOUC ,7HBYPASS 9?HOUMS7t
97HTS28 97HPS28 97MV2?8 97HAN28 ,THTS29 ,7HPS29 I
IIHV29 97HAM2 /

CATA (WORDY( I) I 1274p,345)/
17HX755 v7HXP55 ,7HXH55 ,7HXS55 ,7MXT25 ,7KXP25
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2?HXH25 ,7HXS25 97HXWHFO ,7HXG55 ,IHXFAR55 ,7H~XWFD
3?HXWG2. ,7HXFAR24 ,THXXPi ,7HOLMB 97HT6 971,P6 f
4,""6 7HS6 ,7HT7 t7HP7 v7HH7 ,7FS7

5 HT6 97HF8 ~t HH8 ,7HSO 97HT9 ,7HP9
6 r - ,7HS9 oTHWG6 o7HWFA ,THWG7 ,7HFAR7

,HTA 7HCPAFT 971V55 ,71iV25 ,7HPS6 ,7HVW6
87HA46 ,7HTS7 v7HPS7 ,tHV7 ,7HA117 ,7HAM2?5

N 7itTS8 97HFS8 97HV6 ,THAP8 ,7HTS9 o7HPS9

21Hil ,7HFGMM 97HFGPO ,7HFCPM ,7HFGM ,714FGP I

3 7H WFT t7HWGT t7HFART ,7HFG 17HFN ,7HSFC
jA,4 THEENOtELANKgLIIT/IHTHEEND ,7H .9345/

-,9 TC. 0 Iv12),X CCh
C *'INP'JT SECTION

j rfj 4 N1,15l 0
NU H =.N
KEAO (5, 100 VAIN, CHANGE
7l AINEC.THEEN0 ) GO TO 5
02 J=iLIMIT

!F(AII%.EO*hOROY(J)) GO TO 3
2 GO NT INUE

ITE (6, l~iiAIN
60 TO 4

1F(CHANGEoN~..8LANK) WOROY(JJ)=CHAhGE
4 ICONTINUE

1,RITE (6, 102)
5 W M. UM- I

RE TUR h
C CJTPUT SECTICN
12 lF{N(PA.EO~i) GO TO 16

j=6

lWol.CT.6) GC TO 13

SIOUT (L)
1,) -l(K) = 540 ROY (M)

!, iH.GT.'96) GO TO 20

20 ( U4GT.217) GO TO 21

'OUI (K)=PARAP2(PN)
I," TC 14

21 IF(M.G(.273) GO TO 22
?'N=M-217
A*('T~(KV=PAAl3(P'k5
t- TO 14

22 Mi:M-273

(K)=PAAM4(ML



14 CONTINUE
IRITE (6,103) (WOUT(K) ,K=iJ)
WRlTE(6t104) (AO0~T(K)9K=lvJ)

IFtN.LE.0) GC TO £6 4

16 RETURN
100 FORMAT(A7,7XA7)
10i FORMATld.CH0THE WCRD ,A7v26H NOT FCUND IN COMMON ARRAY)
102 FORMAT (e2H 0ERFR IN CONOUT INPUT)
103 FORHAT(1I ,25XA?95(8XA7))

104. FORMAT(IH 30OX6Ei5.6)
END
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ISUOROUTINE ERROR
oImENSION TRASH1C96),TRASH2tL1),JRASH3C56),TIASH4(72)
COMMON / ALL/

I O RO I OE S ,JOES ,KDES , MODE ,IrNIT ,IOU.P ,IAt'TP,
2k~-SH1XqIOBURNIAFT8NpI0CO ,IMC93 ,IDSO~tIMSHOCtNOZFLT,
311, YSLOOPERNOlAPNUMtlAPMAPEOGTOLALLERR(9)
C-m9oNIOES IGI%/

il-CN4)GU Pr.NIGU ,PCNCGU ,T4GU ,OUM0i ,DELFG ,OELFlJ ,OELSFC
2ZFJS ,PCNFCS 1,PRFDS ,ETAPIJS ,WAFOS ,PRFCF ,ETAFCF ,WAFCF
3710S ,PCNIDS ,PRIDS 9ETAIDS ,hAIDS ,PRICF ,ETAICF ,WAICF
4ZG,9 ,PCNCOS ,PRCOS ,ETACDS ,bdACDS ,PRCCF ,ETACCF ,WACCF
5"+IS ,NFGDS ,OTCODS tETABOS ,WA3COS rDPCODS ,DTCCCF ,ETABCF
61'HODS ,CNHPOS ,ETHPO? ,TFHPCF ,CNHPCF ,ETHPCF ,OHHPCF ,T2DS
7'F.'DJS ,CNIPOS ,ETIPOS ,TFIPCF ,ChIPCF ,ETIPCF ,OHIPCF 9T210S
8rrL.'305 ,CNLPCS 9ETLPOS ,TFLFCF ,CILPCF ,ETLPCF ,OHLPCF ,T22OS
91.24S ,WFIJOS ,0TOUOS 9ETAOOS 9WA230S ,OPOUDS ,OTOUCF ,ETADCF

4-AllbS ,WFADS ,IJTAFOS ,ETAAOS ,WG6CDS ,DPAFDS ,OTAFCF ,ETAACF
8 A- 5 9A25 9A6 vA7 ,A8 PA9 PA28 tA29
ClK 51 PAM55 ,CVDNOZ ,CVMNOZ ,A8SAV ,A9SAV ,A28SAV ,A29SAV
CuM90Nt/ FRONT/

Ili ,pi ,HI. psi T2 VP2 IH2 9S2
2LaI VP21 qH21 ,S9 , T22 ,P22 ,H22 v S22 I

4313 IP3 qH3 ,S3 9T4. ,P4 9H4 9S4 I
4TL5 ,P45 IH45 ,S45 ,T5 ,P5 ,H5 9S5
5T55 ,P55 ,H S55 ,BLF PBLI ,8LC ,8O
6CNF ,PRF tETAF ,WAFC INAF ,8LOUI ,BLOUC 9BLOB I
7 C,4I ,PRI ,ETAI ,WAIC ,hAI PBLOBI ,BLOBC , WAS
BC*4c 9PRC ,ETAC ,hACC ,WAC PETAB ,OPCOtI ,WG4
9C.H.P sETATHP 90HTCPP ,0HTC ,8LHP ,BLHPI 96LHPC ,FAR4
AC,4IP 9ETATIP ,0HTCIP ,OHTI ,8LIP vBLIPI ,BLIPC VDUMF
BC, LP ,ETtTLP ,DHTCLP ,0HTF ,BLLP ,BLLPI ,BLLPC ,CS
CW,45 ,FAR45 ,WG5 ,FAR5 WHG55 ,FAR55 ,HPEXT ,AM
DALTP ,ETAIR ,ZF ,PCNF ,ZI ,PCNI ,ZC ,PCNC
EVI:8 ,TFFHP ,TFFIP ,TFFLP ,PCBLF ,PCBLI ,PC8L~C ,PCBLOUT.
FP Et'CPCELOBIICBLOBCPCBLHFIPCBLHPCPCBLIFIPCBLIPCPCBLLPI,
GP' 13LLrC

4.4 ON/ SIDE/
ixPl ,XWAF jXWAI ,XWAC ,XBLF ,X810U tXBLOUI ,XBLDUC
2X."2,' ,X113 ,XI21 ,XP2i 9XI-21 ,XS2i ,OUMSi ,OUMS2
3T-3 IP234 9H23 ,S23 PT24 ,P24 PH24. PS24.
4T,-7 ,P25 9H25 ,S25 pT28 ,P28 tH28 ,S28
5T,-- r-,29 pH29 qS29 ,IJLMS3 ,DUMS4 ,OUMS5 ,OUr9S6
6W; 1 WFC ,WG24 ,FAR24 ,ETAO ,DOUC ,BYPASS ,OUMS7
71, i ,'PS28 ,V28 ,AM28 ,1S29 ,PS29 ,V29 PAM29
C( 44MI / EACK/

XX 51 XP55 ,XH55 ,XS55 ,XT25 IXP25 ,XH25 PXS25
xii>. ,XWG55 ,XFAR55,XWFD ,XWG24. vXFAR24,XXP1 ,OUMBv

B3T( ,P6 9H6 9S6 ,T? PP H7 ,S7
L.TF ,P8 9H8 tS8 , 9 P9 ,H9 ,S9
5Wbo ,WFA ,WG7 ,PAR? ,ETAA ,OPAFT 9V55 ,V25 p
6PS6, 06b ,Atb ,TS7 , PS7 pV7 ,AM7 ,AM25 v

t7T~ ,c PS8 ,v , AM8 ,TS9 OPS9 ,V9 9AM9I80A FRO ,VJO ,FGPID ,VJM v.TGMt ,FGPO ,FGPMI
9FCm ,FGP IWFT ,WGT ,FART ,FG ,FN ,SFC

r EC"'IVALENCE(TRASHi(Ii,NFGU),(TRASH2(i),TL),(TRASH3C±),XPI)
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EQUIVALENCE CTRASI14(±),XT55)
ZATA AWOROiF6COMM!ON/
WRITE (6, 18i) hORO
WORO*AWORD-
WRITE (6,l 12) WORBZFPCNFZIPCNIZCPCNCT4,MOOE
WRITE (6,1iO3)
WRITE (6,10*) (TRASHi(l),1~4,96)
WRITE (61 10t)
WRITE(6,10*) (TRASH2(I)qI=l,121)
WRITE(69105)
WRITE (6,10*) lTRASH3(I),Ilq56)
WRITE (6, 1M)
WRITE (6,10.) (TRASH4(I),I=i,??2)
WRITE(69103)
WRITE (69 106) LCOPER
IF(IDUMP.g.0 GO TO 2
WRITE (6,105)
CALL SYG(2)

2 CALL ENGBAL
RETURN

10 FORMAT(28HOAN ERROR HAS BEEN FOUiNC IN ,A6)
12FORMAT(1H0 ,A6,9XTEl5.6, 14)

103 FORMAM(Hf)
104 FORMAT(iHO,8E15.6)
105 FORMAT(1Hi)
106 FORMAT (25M0FAILED TO CONVERGE AFTEftv1496H LOOPS)

END
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SU3ROL.TINE SYG(ICOW)
CIMENSION hORC(i32)
DATA ONEOOL/6H$
GO TO (1,2),ICON

t. END 1:ILE 8
REWiIND 8
RE TURN

C TERMINATE THE FILE

2 WRITE(8t500
50U FORMAT~lHSSSSSS

END FILE 8
REWINC 8

C READ RECORD

5 REAOcEq5oljEtiORo(!),I~ij32)
501 FORMA) (132A±)

c; CHECK FOR 12 LEADING DOLLAR SIGNS

00 10 1=1,12
IF (WORD(I)-OtNEDOOl)i,1il

10 CONTINUE
RETURN

CHECK FCR 6 TRAILING DOLLAR SIGNS
11 00 15 I=19132

IF (WOROCI) -ONEDOL)l5912,i5

DO 13 J1,qK
IF (WOR0(J) -ONEDCLll5,13,i5

3 CONTINUE
GO TO 20

15 CON!i NUE
WRITE (6,502)

-32 FORM~A U1XO,12HERROR IN SYG)
RETURN

PRINT LINE

WRII-( ,0)(ODM01I

GO '

END0
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SUBROUTINE THCOMP (PRETAT ,HSPTOHOSOPO)

PO-P*FR
TP=T* PR* 4 0 o2 857 2
CALL THERIIC(FOHPTPSPXiOX2,0)
BE LS= SP..
lF(A8S(DELS)sLE*0*000G5*S) GO TO 2

I TP=TP/EXP(4**OE! S)
CALL ERROR

2 HO=H,((HF-H) /ETA)
CALL THERM0(FOHCTOSOXitOXZi)I
RETURN
END0
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SU3RC)LTINE TIwTUrB(THETAFRHSFTCh(,SO,PC.)

HO P=4-OH/ETA

co I. I~i925
CALL THERMC(FTHOP, TTSTAMWT~iFARpi)
C L S =ST -S
IF(4BS(OELS)*LE*Q*0GOO5*S) GO TO 2
P T=P*EXP(OELS4 AMbIT/1.986375+ALOG(FT/P))
CALL ERROR

2 P0=PT
CALL THERMCCFOthCTOSOXIiiFARvi)
RE T URN
END
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3'A"P!';T I PH CC I '(FARX, 17, SE.V- C'XREX PHIIHEX)
IFtF .. -X.LE @. s C - 3 ) G~ V.) 1

* FARX,-U 067623
WR hIT(F (8,9 10 1)
IF(T..jx.GE..300,) GO) TO 2

Tz XE( 3 2

?,tT'--XLE.L(C.) GO TO 3
Tt-:zL,0000
NRIITE(81103)

3 IF (FARXeGEI6), GO TO 4
FARPX=040
hRITE(8,104)

C AIR PA~TH
4 CPA =(U(t(1.&i11554GE-25'TEX-1*4.677GE-21j'TEX

£1'7*62157 7E-le) #T:X-1225E-i4)*TEX-6,717837bE-12)

HiEA=((((((1.,2644425E-26'- -2.' '52522E-22)'vTEX
i41. s22630E-i8) *T--X-3, 026id-5*E-i69r-4 2 *TEX

3-1,755d0!-Lv'd
SE 0-=Co.1E-OlIE-A OG(EX)((((((i4450767E-26PTEX

2-2o2392790E-12) *TEX+3.27597'3E-C)TEX-5.576879E-05!*TEX
34454323O0E-02

IF(FAFXoLt.i.k) GO TO 5
C FUEL/AIR PATHI

CPF -U( (7.267871OE-25$*TEX-i.33356e5E-20)*TEX
1G1J29i'33Ei6)T 'EX-.25i.4L13)TEX968693E1u)TEX
2-i .J?'794if-06) TEX~i.225863uE-03'*TEX+7.38£6E38E-U2
H-F=((((C(((9t,08'83iE-26'TEX-1.905O949E-2!i)*TEX
141*7u2i5.25E1?) TE-X8.,41022O'3E-14)*TEX4-2.4921698E-10) *TEX

3#TEX4KS.05815301+01

1-2,222611 c-2 1 ) TEXC'4326E)#TE X-.052776E13)TEX
2 -J,32283)T:Xt-6.8)TX-8551 -)TEX+.2258E30E-03).TEX
3+6*4833'CL

5 CPEX= (CPA+FA,.X( ', .l+FARX)

PHI=iSLA+F'. ,- /(1 +r
AMW=2 8.97- .e^4'1.d6'F AR>.

CS.)EXSQRT(rx-kc:('1..X*25031.37)
RETURN~

10 . FORMAY( i*-, ;3HIiPUT FU,.L-A:P - TIC A!!OVE LIMITS, !T HAS BEEN RESET
270 rJ.G7b,'H' TS

£02 '..f'tAU±HC v '-4PR;C%O'.;41-;,T .:M -tATURE 8ELOW 3W) * 6HSS$%$$)
103 Fot T(1HO;!EPROCOll mj.PIur t.MPERATURL. ABOVE 4JOO.,j6HSSISSs$)
104 FORtiT(21hU381IPPC0Om i.j;,ur 1LL-AIR RATIO BELCW ZER0vbH$9S4ZD~
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SUBROUTtNC SERHP,,,,,A NXCXOXvNoqNAINOIINGOOE)
OIX..NSIOH AXtNAN),8X(NAMNON),CXChAMNO1),DXCNA1,NOti)pNO(NAMitQOC9

C NEEDS SUBROUTINE AFOUIR
C 44AX AND BX MUST BE STORED 10 TO HI

C P=-INPUT PRCPORTION BETWEEN 0.0 ANC I.G

C IF OTINPUT* P MUST -EQUAL-1
c tCOOE=GC.' OK
C NCOO01~I A LO

j C -CODE =02 A HI
c NCOE:07 ERROR

NC OOE:2O Ha

CO I I1,KA
IH=I
IF(A.LTsA:'4fl) GO TO 2

£ CONTINUJE
IF(A.GT.AXCIh)) NCOOE=2
A=AX (IH)
GO TO 3

2 IF(Iii'?T.i) GO TO 3

A=AX(i)
3 IL=IH-1

IMH=NO( IH)
LI ML =NO (It)

C FIND) E

pp -- "'

IF tP.oGE.O0.) GO TO 6
BL=ixIL,'A*),FRM0C6X(IH,1)-8XCIL,1))
EH=-X(ILLIIU4PRMC(BX(IHLIM1H)-BX(ILLIML))
Ir (I .-Eo BL) GO TO 4
tCOOE=NCOOE41O

Go T,3 5
4 !F( .LE.BH) GO0 TO 5

: E-,NCODF.+20

C( e) =J,
Of(Z) =

ELt-PP"(OX( IL4.,IflL)-BX(IL,1) )+oX(TILpl)

JH -j

IF(3H.LT.DX(IHJj)) GO TO 8
7 CONTINiUE
8 JLI H-i

CO 9 k(=2,LIML
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GO TO 10

9 CONTINUE
10 KL=KH1

PR=(BXC(,JL)6H)/(X(IHJH)BX(ItJL))
CH= ip', 4,JL)-PR *lCX(IHvJH)-CX(liJL)i
OH4= LX~i 5JL.1-PR #(OX(INJH4-0X(IhJLJ'

CIL CX("L, K-'~ *tfX(ILtKH)-CX(ILqK0)

BT=BLP~'R>14 J
CT=CL4?,iM4r 1tCH-CL)
DT=OL+,- OM* (OH-DL)

IFP. ', GO TO 13

OIRitsnRT (9,+'(-T)
EPP= i ..bl) /B
CALL 4F(UIR(0(1),P,F0ERR,0.,25.,O00±,DIRPPTICON)
GO ;0 ' i2 ,I CON

GO TO 6

£3 E=BT
/; =CrT

D=u
=E 0
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sugRouTXNE CCNVRGCTIHIpPItSIFARPWGtPAIOESAOPR,
11O,09,PoSCTSOPSOVOAMOICON)

c ICQ'4= SUBSCNIC9 COMPARE PI WITH PR
C ICON=2 SONIC, COMPARE PI WITH PR
C l-. 0 14 = ERROR

A)=~778.26

C S 0 ON IC CALCULATICNS

TS~zU.833*TI
I J=JIi

CALL PROC0O4(FARTSS,?CSSAKSCPREXSPHISSHSSI
K CAL=HI-CSS**2/ (2. *G*AJ)

-- OBELHS :HSCA L-HSS
IF 'AOS(DELHS)-O.COO5*HSCAL)4,4,2

2 TS3STSS4o.ELHS/CF

3 IG ON :
RET U R K

4 IFfIOES)12qi2t5

C -I',CTROPIC EXPANSION CALCULATIONS

'S; I - T I (PA /P 1 0Ds28 6
*6 J=J4i

CALL JHERMO(PA,IISITSI,SSI,XXI1,FARO)
IF (A8S(SSI-SI)0.000IS1)8,8,?

7 TSI=TSI/EXF(L49#(SSI-SI))
if (1-30) 6, 6,3

8~ V -- OPT(2.'G'AJ*(HI-HSI)
If .iIS-uss)9,11,11

C So ~'.UIIC DESIGN, CALCULATE AO

04*t PROCOtP(FAR,TSO,CSOXX2,XX3,REX,PHISO,HSOI
wi( :(APSFvFSCl(AJREX*TSO)

101

Rt I L Pht

*-v* S(N. UFSIGN, CALCULATE AO
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±1VO=CSS

PS0=P I*(TSO/T I)**(A KS/ (A KS-It))
R=CAPSF*FSCI(Aj'#REXS*TSO)

AO-WGI(R HO'VO)
AM Omz1 0
PR=P I

GO TO £0

C NON-DESIGN, CALCULATE CRITICAL CMOITIONS

£2 VO=CSS
7S0=TSS
PS O= P A
RH0=C APSF* PSO/ ( AJ'EIEXS*TSO)
AOCRIT=WG/ (RHO'VO)

PR=PSO*(TI/TSO)**(AKS/CAKS-13)
IF(AO-AOCRIT)i3913,14

C "'NON-DESIGN, CRITICAL AND SUPERCRITICAL CONDITIONSf

is FSO=PSO*AOCRIT/AO
PR=PR*AOCR IT/AO

C N~ ON-DESIGN, SUBSONIC CALCULATIONS

14 PSO=PA

TSO=0*833TSO
45 4~~

CA LL FROCOt- (FAR, 750 CSOAKOCP ,REXC'HSOHSO)
RHO=CAPSF*FS^/ (AJ*REX*TSO)
:=W G CR HO*A 0)

HSGAL=:HI.-VC*'2/ (2**G*AJ)
DELHS=HSCAL-HSO
IF(AOS(DELI S)0.0005#HSCAL)£?g,1i

16 TSO=TSO+DELHS/CF
IF (J-15) 15,t1593

17 AM0=VO/CSO
PR=PS0*(TI/TSO)*'(AK/iAKO-l*))

GO TO 10
END



S~.E~O.TNECCNOIV(TI,I-I ,PIsI,FAR ,WG,PAIOES,ATASCIR,
1 TT ,-iT ,PT ,S ToTCHOPOSO, TST, TSOtPST IPS0,VT9V0AIT 9A?#OsICONI

C 4=1~ SUESCNIC, CC.MFARE PIR WITI- PI
C rtcN=2 SONIC, SHOCK INSIDE NOZ7LE, COMPARE FIR WITH PI
C ICON=3 SONIC, SHOCK OUTSIDE NOZZLE, COM9PARE FIR WITH PI
C IC :,iz 4 ERROR

C14EN~STON C(j)
2 ) =c.

ut3) =o.
AJ:778.26

G-3 . 174049

CALL FROCOP'(FARTI, XXI, XX2,XX3,XX4,PHIIXX6)

C SONUIC CALCLLATICNS

TSS=0*833'TI

CALL PROCO10 (FAR TSS,CSSAK tCP9REXSlPHISStHSS)
HSCAL=HI-CSS**2/ (2. G*AJ)
CELHS=HSCAL-I-SS
IV (AES(ELS)-0.CO5HSCAL)4,4,2

2 TSS=TSS*DEt.HS/CP

3 ICON:=.
RETURN

k iF (XOES~ 11,115

C *"SONIC DESIGN~, CALCULATE AT

5 VT =CSS

TST=TS*(ST/I*(KfKl

RH C=CAP5F*FST/(AJ*REXS*TST)
AT =HG/ (RHOIPVT)
Am T= I. 0

C IOEP~AL EXPANSION OESIGN, CALCULATE AO

J:- 0
4 V:'O=TI#(PSC/FI) '.286

J. j#. I
CALL PROC01"(FARTSOCSOAKCPREXPHISOHSO)
Pf I ; A LzPHI I- REXOALOG(PI/PSO)
DELPHI=PHICAL-PHISO
IF (A83(OELPHI)-UaOO1*PHICAL)8,8,7
TS G= T SO*EX P(4. DELPHI)
IF (J- 15) 6,v 6,93

8 Vr,=S2RTC29*GAJ*(HI-HSO) )
AMO= VO/CSO

Fl R=fj I
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IC ON 3
9 TO=TI :

SO SH I

10a TT =T I
HT=H I
FT =P I
ST:SI
RETURN

C "~ASSUME SONIC THROAT AND ISENTROPIC EXPANSION TO AO

3-,W G/ ( AT 4VT)
PSI'=RHO*AJ#REXS*TST/CAPSF
PIR=PST4 CTI/TST?**(AK' (AK-10)
IF (P S T-PA) 12,924,92 4

12 TSO=0*95#TI
?A M= 0

03 CALL FROCOI'FARTSOCSOAKtCPREXPHISOHSOI
AMO=SORT(2.#((TI/TSO)-1.)/(AK-±.))
AOCAL2(AT/AMO)*(2.#(j.4.(AK-j.)#AIqG##2/2.)/(AK~j.))9 0((AK+1.)/

1 (2 .4 (AK-i.))
EA=(AO-AOCAL)I/AC
DI R=SORT(A O/AOCAL)
CALL AFQUIR(O(1),TSOEA,0.,100.,0.000,oDIRTSOTJCON)
GO TO (14p 1593) tJCON

14. TSO=TSOT

IF(TSO3GT.TSC) GO TO 142
£41 TSO=B,,98*TI

GO TO 13
142 IF(Q2LT3Os.ORAOLTO.95ORNA~.EO.1) GO TO 13

MA N:
GO TO 13

£5 FSO=PIR* (TSO/TI)44('AKi(AK-J.'))
'.1 IFCPSO-PA)i7916924

C CRITICAL FLO14, ISENTROPIC EXPANSION TO PA

£6 VO=AMO*CSO
ICON:1
GO TO 9

C 4MSUBSONIC FLOW

17 FSO:PA
0(2)=:0.
0(3)Go.
J= 0
TSO=0*833*TI
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CALL PR0COP(FARTSOCSOAKCPREXPHISOHSO)
RII0=CAPSFFSC/ (AJ*REX*TSO)
VO=W G /(RHO*A 0)
HSCALHl-VCff2/ (2e*G*AJ)

19 TOTODLSC

*20 AHO=VO/CSO

-' TST=TSO
21 CALL PROCOP.FARTSTCSTAKCPREXPHISTHST)

PS-T*-PIR'(TST/TI)"C(AK/(AK-1b))
RH OrPST* CAFSF (A *REX*TST)
YT =WG/ (RHO*AT)
HS CAL =HI-V7*#2/ 12**G*AJ)

:H=( HSCAL- HST) /IiSCAI.
0IR~i.+(HSCAL-HST)I (CP*TST)
CALL. AFOUIR(0(j1 ,TSTEHD.,2O.,0.0005,OIRTSTTJCON)
GO TO0 (2 2,923,93) 9JCON

22 TST=TSTT
GO TO 21

23 AMT:=VT/CST
ICON=l
Gu TO0 9

* C ** , SPERCRITICAL FLOW, ISENTROPIC EXPANSION TO PA

24 PSO=PA
J= a
TSO--rI* (FSC/FIR),f*9286

25 J=J I-
CALL FROCOM(FARTSOCSO, AKCP,REXPHISOHSO)
PH IGAL=PHI I-REX*ALOG(PIR/PSO)
OELPHI--PHICAL-PHISO
IF LABS(ELPHI)-0.00O1.*PHICAL)27,27,26

26 TS0=TSO*EXF(4s04DELPHI)
IF t.)- 15) 25 2 5 p

27 vO=SQRT(2,*G*AJ*(HI-HSOI)
AM (j V C/C SO
Af)'.'(AT/AMO)*(2.$(i.+(AK-1.)4AMO'0*2/2.)/(AK+l.))**((A(41.)/

N~u
IF l:,U-AOIO)28,9p29

C *"SUPERCRITICAL FLOW, ISENTROPIC EXPANSION TO AO

28 N-i
29 TSO=0.833*TI

J=O
30 J=j + I

CALL PROCOP'(FARITS~OCSOAKCPREXPHISOHSO)
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AOCAL=(AT/flMCI'(2.*(1..(AK-1.)*AMC4 4 2/2.)/(AK~i.))**(CAK+i.)/ 4
£ (29.*(AK-i.) J)
CELA=AO-AOCAL
IF(ABlS(DELA)-O..OOO1'AO)32v32q31

31 TSO=TSO*SQRT.?'AOCAL/AO)
IF (J-50) 30 03093

32 IF(N)34934933

C * UNDEREXPANCE3, SHOCK OUTSIDE NOZZLE

VO--AHC*CSO
GO TO 9

C OVEREXPANOED, FIND SHOCK POSITION

34 PSX=PIR'(TSO/Tlp**(AK/(AK-le))
PSY=PSX*(2*K'AtO'2/(AK41.)-(AK-1.)/(AK.1d31
IF (PA-PSY) 35936936

2 C *'OVEREXPANDE0, SHOCK OUTSIDE NOZZLE

35 PSO~pSX
VO=APIC*CSO
GO TO 9

C OVEREXPANDE0, SHOCK INSIDE NOZZLE

36 PSO=PA

37 J=-J+i
CALL PRUCOP(FARTSOCSOAKtCPREXPHISOHSOI
RHO=CAPSF4PSC/(AJ#REX*TSO)
YO =WG / (R HO *AC)
HSCAL=HI-VO*"2/ (2**G'AJ)
BE LHS =HSCA L- HSO
IF (ABS (DEL HS) -0 0005*HSCAL) 399399,38

38 TSO=TSO*OELHS/CP
IF (J-15) 37,3793

39 AM.OVC/CSO
TO=T I
HO=HI
PO=PS0*(TO/TSO)4 "(AK/(AK-id))
SO=PHII-REX*ALOG (POO
IC ON=2
GO TO 10
END
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sueROUTINE FQU1R(XAINDPOEPENO, ANtAJ ,TOLDIRANEWtICON)
OIMENSION X(9)

C X(±)NAME OF ARRAY T0 USE
C AINO=INOEPENOANT VARIASLE
C DEPEND= IEPENDANT VARIABLO
C ANS=ANSWER UPON WHiCH TO CONVERGE
C AJ=MAX NUMBER CF TR'VS
C TOL=FERCEtiT TOLERANCE FOR CONVERGENCE
C OIR=DTRECTION AND PERCEXTAGF FOR FIRST GUESS
C ANEW=CALCLJLATED VALUE OF NEXT TRY At INDEPENOANT VARIABLE
C ICON~rGONTROL =i GO T!URU LOOP AGAIN
C =2 YOU HAVE REACHED THE ANSWER
C =3 COUNTER HAS HIT LIMITS
C X(2):COUNTER STORAGE
C X(3)=CHOOSES METNou OF CONVERGENCE
C XC4)4HIRo DEPEND VAR d

C X(5)=THIRG IND VAR
C XC6)=SECOND DEPEND VAR
C X(?)=SECOND INC VA,*R
C X(O)=FIRST DEPEND VAR
C X(9)n-IRST IND VAR
C X(3) WJIST BE ZERO UPON FIRST ENTRY TO ROUTINE

y= 0.
IF (ANS).i,2,±

I aEP=DEPEND-ANS
TOLANS=TUL4*ANS
GO TO0 3

2 DJEP=D0EPE ND
TOLANS=TGt.

j 3 IF(ABS(DEP)-TOLANS)59594
4 IF (X (2) -AJ )6,989 7
5 AN E i =AIN 0

X(2)=O*
ICOtl=2
RETURN

6 ANEW=Y

IcON= I
PC (")RIN

I'l ONt
RETU rN

a IF (X (3)) 919912
C F" IRST GUESS USING DIR
9 )((3)=I.

X( 8) OEP
X((91=AIND
1F (A~IND) 10,11,10

10 Y=DIR*AIND
GO TO 6

1± yr-OIR
GO TO 6

12 IFo((3)-1.)13q13t16
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C *"LINEAR GUESS
£3 X(3)=2*

X(6)=0EP
XC 7) =AINO
IF (X (8) -X (6) ) 14 99014/

14 IF(X (91-X( 7) )15,99,15

Y=X(9)-A*X (8)
IF (A8S(10.*X (9) )-A8S(Y) )g996

C "QUADRATIC GUESS
16 X(4)=OEP

XC 5)=AIND

17 IF(XC6)-X(4))13991i3
18 IF(X(6)-X(4))199,13919
19 IF(X(93-X(5))23,20q23
20 IF(X(8)-X(4))2i,2292i
21 X( 9) -X(7)

XC 8) -X(6)
GO TO 13

22 X( 9) =,,7)
xC8) =X(6)
X( 3) =1.
IF (X (9) )10 fi,±O

23 IF (x(8) -X(4) )24921, 24
24 F=(XC(6) -X( 4) ) /(X(T) -X(5))

!F CA)242P2L09*42
240 IF(B)24i,7,241
241 Y=-C/0

GO TO 37
242 IF(B)247,243,247
243 IF (C)245,244 P245
244 Y0o.

GO TO 37
245 G=-C/A

IF (G) ?,7,246
246 Y=SQRT(G)

YY=-SORT (G)
GO TO 270

247 IF Wo)249 12489249
248 Y=-814

GO TO 270
249 D)=4.*A*CIB8*2

IF (t. -0) 1-3,925,26
25 Y=-B/(2.*A)

GO TO 37
26 E=SQRT (1.-0)
27 Y(B(*A)(oE

YY=(-e/ C 2* #f) )* C1.-E)
2703 J=4.

OE PHIIW-A BS (X (4))1
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DO 29 I=69 892
IF COEPtIIN-ABS (X (M) 129929,28

28 J=I
OEP~IN=ABS (X(I))

29 CONTINUE
K=J+i
IF M((KI-Y)* (X(K)-YY) 32932930

30 7 (A8S(X(K)-V)-ABS(XOK)-YY))37,37,3i
31j~ y

GO TO 37
32 IFCJ-6133,34,34
33 4J=J+2

KK=K.2
GO0TO35

34 JJzJ -2
KK=K-2

35 SLOPE=(X(KK)-XK),c(X(JJ)-XEJ))
IF(SLCPE*X(J)'(X(K)-Y))36936937

36 Yzyy
37 XC9)=X(71

X(81=X(6)
X( 7) =X (5)
XC 6):X (4)
GO TO 6
END
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SUBROUTINE MATRIX(EVtA)

T(Iji0)ZACI)

00 1 J=199
±T( ItJ)ZE (I tJ)

007 1=1#9
TE MP=0
D0 2 JzIv9
IF(TENP.GT.ASS(T(JI))) GO TO 2IPV=
CFONINU

RH=TIPRt4
00 5 J=IPti,1

5 (ITJ=T IFROJ) +P'PIV()

ITO=1T0
6 IFRONIFROo~IPI) O O

RMF(IFRGEI)GOT4
0075 J=IPI11

5 T( ITJ) =TIFR~tJ)*P J

8 T(1)=TI(,1)-TKL~C,

00 & L=1,9

9 VCI)=T(IlQC)
RE TURNI
ENO
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SUBROUTINE OUTPUT
DIMENSION %(5,4)tANSit96),ANS2(.i21),ANS3c56),ANS4(72)
COMMON / ALL/

iNORO ,1OES ,ODES ,KOES PMOOE ,INIT vIDUIIP ,IAMTPr
2IGASIIXIO8UR~iIAFT8NqIOCO ,INCO , IDSSHOC i HOCPNGZFLT,0
3ITRYSLOOPERNO~4APNUMNAPMAPEDGI3LALLERR(9)
COMMON/DESIGN/

IFCNFGU ,PCNIGU ,PCNCGU ,T4GU ,OUHOI IOELFG, ,DELFN 9OELFFCv
2ZFDS ,FChFOS ,PRFOS ,ETAFOS ,WAFOS ,PRFGF ,ETAFCF NWAFCF
3210IS ,PCNIOS ,PRIDS ,ETAIOS ,NAIOS tPRICF ,ETAXCF PWAICF
',ZCoS ,PCNCOS ,PRCOS ,ETACOS ,WACOS ,PRCC.F ,ETACCF ,WACCF
5Tt.DS pWPSOS ,rTCOOS lETA90S ,bEA3COS ,DPCODS ,DTCOCF ,ETABCFI
6TFHPOS ,CNHPOS ,ETHPOS ,TFHPCF ,C^NHPCF ,ETHPCF ,0HHPCF 9 T20S I
7TFIPOS ,CNIPOS ,ETIP-OS ,TFIPCF ,CNIPCF ,ETIPCF ,0HIPCF ,TaIOS
8TFLPOS ,CNLPOS ,ETLPOS ,TFLPCF oChL.PCF tETLPCF ,WILPCF ,T220S t
9 T240S gWF 00S ,IJTOUDS tETAOOS IW4A230S ,OPDUOS ,DTOUCF ,ETADCFq
AT70S ,NFADS 90TAFOS ,ETAAOS ,WG6COS ,OPAFOS ,0TAFCF ,EYrAACFV
BA55 ,A25 tA6 9 7A8 9A9 , A28 pA29
C PS 55 9 AM55 ,CVDNOZ ,CVMNOZ ,AeSAV ,A9SAV 9A28SAV rAP'ISAV
COMMKON/ FRONT/

2T21 9P21 ,HZ l1i S21 9T22 ,P22 PH22 VS22 I
3T3 VP3 ,H3 qS3 9T4s ,P4 V, S4
4745 PP45 9 Hcs5 ,S45 tT5 PP5 9H5 ,S5
5T55 PP55 ,H55 P S55 POLIF PbLl ,BLC POLO(]
6CNF ,PRF ,ETAF ,WAFC ,NAF PBLOUX ,BLDUC ,aLOB V
7 CN 1 9PRI ,ETAI ,WAIC ,WAI ISLOBI ,BLO8C ,WA3 f
SCNC ,PRC ,ETAC ,WACC ,W*C ,ETAB tO:)OM ,WG4
9CNHP ,ETATHP POHTCNP ,OHTC ,BLHP 98LHPI ,BLHPC PFARlk
ACJIP ,ETATIP ,OHTCIP ,GHTI ,8LIP ,BLIPI ,BLIPC ,DUMF p
BCNLP ,ETATLP ,OHTCLP ,0HTF ,BLLP ,BLLPI ,BLLPC ,CS
CWG45 IFAR45 ,NG5 ,FARS 9WG55 pFAR55 ,IIPEXT PAM
OALTP ,ETAR ,ZF ,PCNF ,ZI ,PCNI qZC PpcIC
ENF8 ,TFFHP ,TFFIP ,TFFLP ,PCBLF ,PCBLI ,PCBLC ,PCBLDUI,
FFCBLOUCPPCeLCBI ,PC8LO8C~PCBLHPIPCBLHPCPCBLIpIPPCLIPCPBLLPI9
GPCRkLLPC
COMMON/ SIDE/

Ixpi ,XWAF ,XWAI ,XWAC ,XELF ,XBLDU ,XeLOUI ,XBLOUCP
2XH22 ,XH3 t XT21 ,XP21. PXH21 PXS2I. ,OUMS. 9DUMS2
3723 0P2a tH23 pS23 9T24 tP24 tH2'. ,S2'
ItT25 ,r- 2 ' IH25 PS25 tT?.O tP28 PH28 ,S28
~5T2 9 ,P29 ,H29 tS29 ,DLM1S3 ,OUNS. p0UMS5 ,DUSiS6I
6hAO ,WFri 2WG24 oFAR24 ,ETAD ,OPDUC ,BYPASS ,OUt4S?V
TTS25 ,FS 28 IV28 ,AM28 pTS29 ,PS29 PV29 9AM29
COMMON /eACK/

X XT 55 ,XP55 ,XH55 ,XS55 ,XT25 , XP25 9XH25 PXS25t
XXWFB ,XWG55 tXFAR551XWFO ,XWG24. ,XFAR24tXXPI ,OUM8
3T6 ,P6 9H6 ,S6 PTT VP7 tH7 IS?
4T8 qP8 9H8 ,S8 ,T9 ,P9 9H9 9 0
5%G6 ,WFA ,WG7 ,FAR7 ,ETAA ,OPAFT ,V55 ,V25
6PS6 ,V6 ,AM6 ,TS7 ,PS7 PVT ,AM7 sAM25
?TS8 ,PS8 ova ,AM8 ,TS9 ,PS9 ,V9 rAM9 9
8VA ,FRO ,VJO ,FGMO ,VJM ,FGMM ,PGPO ,FGFM
9FGN qFGP ,WFT ,WGT ,FART ,FG ,FN ,SFC

EQUI VALENC E (ANSI (I),PCNFGU),9( ANS2(i) tTi) 9(ANS3( 1),9XPI)
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EQUIVALENCE (ANS'(IbXT55)I
DATA AWQRD1,AWOR02/6HOUTPUT,6HCOMPON/
DATA (W(1,I),Izl,4)/6HSU8SON96HIC C-O,6H NOZZL,6HE
DATA IW(2,I),I=i',4)/6HSHCCK v6HINsIDE96H C-0 N46HOZZLE/
DATA (W(3,I)tIli4)/6HSHOCK 96HOUISID,6HE C-0 96HNOZZLE/
DATA (W(491)91=i,4)/6HSU8SON,6HIC CON,6HVERG* ,6HNOZZLE/
DATA (W(5#I)'tIzip4)/6HSOKlIC ,6HCONVEREHGENT N,6HOZZLE/

C HORO3AWORO1
IF(IOESoEQ.1) GO TO 4
IF(IOBURP4.GTo0) GO TO 2
IF(IAFTBN*GTo0) GO TO 1
WRITE (6, 10 0)WOROAMALTPT4,ETAR
GO TO 3
O TWRITE (69101) NORD pANALTP J4 IT? ETAQ

2 NRITE(6,±02)hOROAMALTPT4,T24,E7AR
3 CALL CONOUT(2)

4 FIAM.T0 GOTWRIrE(6,104) CN(IMSHOCI3 ,I=1,4) ,FGVFNvSFC I
WRITE(6,iC7-) (W(IOSHOCIPI9114)

£5 WRITE (69106) LOOFER
WORD=AWORO2
WRITE(6,10?)WOROZFPCNFZlPCNIZCPCNCtT4,NOOEI

WRITE(6,109) (ANS1(I,106)
WRITE (6,108)

WRITE(69109) ASIqIlli

WRITE(6,108)

A frRITE(6,10S) (ANS4(I),I=1,72)
IFCIOES.EQ.1) GO TO 6
fl8?A8SAV

A2 $=A28SAV
A29=A29SAV
IF(IOk~i1PoNEo2) GO TO 6
WRITE (6,110)
CALL SYG(2)

6 CALL ENGBAL
RETURN

100 FORNAT(H,5Pt6,1,4XrM AH~q F7o3v 6X7H AIYOC97fl,
16X7H T4:,F6o 225X7H ETAR~,F7.L4)

1.01 FORMAT(lHOA6,14X7H ANp F7.3, 6X7H ALTPPT7.09
l6X7H 14=pF8o2,5X7H T7,tF8o2,5X7H ETARzF704)

102 FORMAT (1HOpAG 2 14X7H AMz, F7.3, 6XH ALTPxpF?.0,
16X7H T4=9F5.215X7H T24=,F6*2,5X7H ETAR=,F7*4)

104 FORMAT(6HOMAIN ,'A69X3HG=F9.2,8X3HFN=,F94,ti8X4HSFC=,F8.5)
105 FOR1IAT(6H CUCT ,4A6)
106 F0RHAT(16HlCCNVERGEO AF'TERt1496H LOOPS,/,1H0)
107 FORMAM(I ,AE,9X,?El5o6,14)

£08 FORMAT(IH )
109 FORMAT(IH ,8E±5.6)
110 FORIIA(IHI)

END0
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SL16ROUTINE MAPS AC (MAPt APGO9 TFFS t FF qCNSCN PCN9 T MOOE 9 IGOp NUM)
DATA WHtwiWLWTvWS/6H H.P. 96H I.P. ,6H L.P. ,6H TFF ,6HSPEED
FORIATCIHUAE912HTURBINE MAP ,A6,HWASpEi3*6,2OH AND NOW=YE13.61

16HUSSSS)
2 FORMAT(lH0*A6vA6p22HWAS ALSO CHANGED FROM PEL396,5H TO ,E13.6,

16HMISSS)
IF(NUM,"GT*0) GO TO 3
NUMH=O
NUMI=O
NUML=0

3 IGO=I'APGO+34(MAP-1)
GO TO (102C3~4Q5g6O.n-.-M-biC9G

C*** HIGH PRESSURE TURBINE
100 TF F= TFF+ 0 o1* TF F-TFFS)

WRITE (89,1) WH,WTTFFEITFF
20 RETURN
20 CN=CN+Os u5*(CN-CNS)

IFCMOCE.NE1I) PCN=PCN*(CN/CNS)
IF(NO.2EoEG,.1 T =T 4liCNS/CNl**2
WRITE (8,1) hH,NS,CNS,CN
IF(NUMH.GT*2) GO TO 210

NtUMH=NUMH+l
RETURN

210 OELCN=CN-CNS
IF(OELCN.,GEe0*) RETURN
TFF=TFF' (1 .CELCN/CN)
WRITE (8, 2) kHWTTFFStTFF
RE TURN

300 TF F= T F.0 *1*(TF F-TFFS)
kR IT E(8,t1) WH,9WTpTFS,9TF
GO TO 200

C ** LOW PRESSURE TURBINE
e -00 TFF=TFF+0.i18(TFF-TF 3 S)

WRITE (8, 1) hRLWT qTFFSTFF
RETURN

S00 CN=CN+0.(z5*(CN-CNS)
IF (MOOE.NE.3) PCN=PCN*' (%N/CNS)
IFCMOOE.EQ.3) T =T f(CNS/CN)
WRITE (8,1) hL ,WSCNSCN
IF(NhIIL*Gr*2) GO TO 510
NU M=I
NUML=NUML' i
RETURN

910 BE LC N=CN-C NS
IF(ODELCN.GE.0.) RETUR14
TFF=TFF* (I .. CELCN/CN)
WRITE (8, 2) WLvWTvTFFSTFF
RE TURN

600 TFF=TFFOO*if(TFF-TFFS)
WRITE (89,1) NL,9WTqTFFSTFF
GO TO 500

C * INTERMEDIATE SPOOL TURBINEI C7;0 WRITE (8, 1) NI pWTTFFSTFF
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RETURN~

800 CNCN*0.05 (CNCNSj)
IF(MIODE* NE 3) PCNzDCN*(CN/CNS)
IF (IOCE*EQ *3) T='T* (CNS/CN)

IF(NUMIIGT*2) GO To 810
NUM?~
MJMIzIUMI*I
RE T.U R N

810o OELCN=CN-CNS
IF(OELCN*GE.09) RETURN
TFF=TFF* (i .*OELCN/CN)
WRITE (89,2) VtTT FSvTFF
RETURN

900 TFF=TFF+0*1*(TFF-TFFS)
WRITE (89 1)hI14 T qTFFSTFF
GO TO 000

END
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SUBROUTINE ThERIIO(PXHXTXS), AM4XLFARK)
FX ~0.
IF (LE~o i) FX=FAR
IF(KoEQ.1) GC TC 1
CALL PROCON(FXvTXtCStAKVCPvRvPH1t4X)
GO TC 3

1 TX=49*HX
DO 2 1=1,15
CALL FRU0-FgXCVKCggHg-
DELH=HX-H
IF(ABS(DELHi)oLE.O001'HX) GO TO 3

2-2 TX=TX+4@*OELN
* hRITE(89100)

100 FORMAT(31HO1NC CONVERGENCE IN THERNOSSUSS
3 SX =PHI-R*ALOG (PX)
I AMX~i*986375/R

END.
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IAM T..GOTSUBROUTINE RAN(ANETAR)I

1 RETURN~
2 XV CAH.GT5*) GO TO 3

GO TO ±
3 ETAR800*/((At4 4 #4)+935*)

GO 70 1

END
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FUNCTION GUESS(MTTOpPDMwocOVO)
IF(H*EQ*O) GUS=O(TT)**6)(0/)**0
IF(M*EQ*I) GUESS=VO*((P/PB)**1.8O)'(tOO/D)##U.33)
IF(N.EQ.2) GUESS=VO#((W/WO)"OC,33)'i (UO/O)**i.OO)

SIIF(t4*EQ*3) GUS=D(WW)*oO)(PP)**0
IF (M,.EQ*4) GUS=D(WW)*oC)(PP)**0
IF (MoEQ*5) GUESS=VO*((T/TD)*'t.1O)* ( (O/O)**0.6O)
IFUI.EQ.6) GUSZD(PPI4*0)(00)*o5
IF(N.EQ*7) GUESS=VD#((P/PD)*-o.62)*((OIOD)*4O4U.)
IF(t'IEO.8) GUESSV'((T/TO)4#1.2)4DOIO
IF(M*EQ*9) GUS=Z*/0*(/D*lS
RETURN
END
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BLOCK DATA Ci*BOAT
COMMON f CoMB/PSI(15),OELT(15,15),ETA(15,15),NNP(i5)
CATA K,NP/15,15*15/
DATA PSI,4.g116,g,8232,14.735,I9.e469,.'-558p29*4?O, 34.381,

1 39 *2 9 3 94 *.2 07,73.674ti~g.9200. ,300. ,400.9500./I
DATA OEL/1200.,15*30.540.1550l*0.15.,O15*80u.

215~~*10/

OATA ETA/
1.,600, .7269,77,.806,.826,.843, .855, .865,7*.670,

2.758, .625, .a8o8,.875,.SS8,.898, .906, .91Z,.91496*.9159

3.868,.6893, 911,.9259.935,.942,.947,.9519?'.9539
'.9259.936,.946,.9559.963,.969,.97'O.977,.9?9G6*.979,
5.960,.9669.972t.977,,982,.985,.990,.9929.993,64.9959
6,9688,99i,99,.994.995.997.8S.999p
7 a*1 0Ot7*.99 912 01 0 G/
END
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BLOCK DATA FANOAT
C THIS IS A GENERALIZED FAN MAP FOR UNREALISTIC SUPERSONIC ENGINE

COMMON/ FAN/CN(i5),PR(15,15),bIAC(15,15),ETA(15,±5),NNP(15)
DATA Nj~lVq*q*0a50
DATA CN/0. ote~~~~~to99ti~iii*9*0
DATA (PRCliJ) ,JI,96

Cl.00000 9160120 9160280 91.0384 ,1.0448 9190480 /
DATA (WAC(IJ) ,J~it6 )f 4.018.0

C243.60 ,229980 t199.80 t166.80 ,1320,6.0
DATA (ETA(1,J) 9J=196 )

CC.79-59 t0.7612 ,0.7665 90l.7559 ,0.7251 tO.64i5 /
DATA (PR(2,J) PJ~i97 )/

Ci. 0000 9,0200 ,i.0400 ,1.0584 ,1*0752 9190920 ,i.1000 /
DATA (WACt2gjl ,J-1,7 )

C286.80 9270900 t253.20 9233.40 t209.40 t183.60 ,i56.60 /
DATA CETA(2,J) 1,J=197 )#4

CO.7559 ,0.7762 ,0.7920 ,0.?9?3 ,0.36-96 ,0*7762 ,0.7401 /
DATA (PR(3,J) ,J4,97

Ci. 0000 ,i.0256 ,i*05i2 ,1.0800 ,A.1160 ,iA320 ,iai480 /
DATA (WAC(3,J) ,J=1,7 )f

C333*60 0322980 ,0026 ,291.60 ,259.80 9240*00 9213*60 /
DATA (ETAt3,J) 9J=197 )f

CO. 7506 ,0.?762 t0.8026 ,0.8281 ,0.8439 ,0.8281 90.7662 /
DATA (PR(4,J) tJ~i,7 )f

C1. 0000 ,1.0368 ,1.0880 ,1.1240 ,i.1600 4.1i896 91*1952 /
DATA (WAC(L.,J) Jzit7

C383*40 ,37fis20 9358.20 ,340.20 t313.20 t276.60 ,266*40 /
DATA (ETA(4,JJ 9J~i97 )/

CO.7454 ,0.7762 ,0.8281 ,0.8545 t0.8802 tO.8281 90.8078 /
DATA (PRi5tJ) qj~itio)f

C1.0000 ,1*0640 p191184 ,1*1480 ,1.i840 ,1.2096 4.e2176 ,

C1.2240 ,i*2440 ,i.2672 /
DATA (WAC(5tJ) J=i 9io) /

C4.39.80 o436.80 9428.40 ,420.60 9406.80 9393.60 ,388.20v
C38-3.40 t368.40 9342.60 f
DATA (ETA(5tJ) 9J=1910)/

CO. 7251 ,0. 7762 ,O.828i ,0.8545 ,0.8800 vii.9Qii ,0.9038 ,

CO. 90±1 l0.8800 106828i /
DATA (PRiGJ) Ji 910) /

Cl. 0000 ,1.i000 ,i.1600 ,i.2000 ,1.2280 ,i.2552 pl.2720 9
Ci. 2864 ,i.3024 11.3320 /

DATA (WAC(6,J) ,Jiqi0)f 464 68 56
C499.81 t4g.eO 1493.2n ,'485.409466P4.8 5o69
C448.20 9433.20 ,406o80 /
DATA (ETA(6,tJ) vJ--l L) /

CU.6682 ,0.7762 ,0.8281 p0.8545 ,0.8800 #009011 t0.9108 9
C0.90ii ,0.8800 ,0.8272/

DATA (PR(7,J) ,J=li6i)/
Ci. 0000 ,i.076D ,i.i520 11.2192 ,io2600 ,i.2896 11.3312 0
Ci.3616 ,io3912 ,4000 i
DATA CWAC(7,J) ,j~itj0)/

056b.4l ,566'.1 v566.39 9559o80 9553,20 ,544o80 9528.60t
C509.40 ,483.EO v474.00

DATA (ETAC7,J) *J~li0i)/
C0.64i5 ,0.7251 ,0.7762 ,D.828i 90.8589 ,0.8800 90.9011

109



CO*884a ,0ta2 Si 99P8175f
DATA (PR(8,J) O,:#If)) /

C1.0000 t1.0440 91,1352 p1.2208 ,1.2944 ,1*3400 ,1*4000
Clo4280 91944860 ,1.4800 /
DATA (IAC(8,J) Ji 910) /I

C633o61 ,633ot0 P633.59 .633.00 9625.80 P616.80 ,600.O00
C586080 ts57e.6 P553.20 /

DATA (ETA(8,J) tJzit1D)/

C09.6002 90.6415 90.7251 P097762 1668281 90.6584 90.8d00 p
CO. 6589 90 82681 90.7867II
CATA (PRC9,J) ,Jzi f0)/

C190000 91.1040 ,1.2206 t1.3240 ,1.4000 P1.4480 91.5000
C1.5336 o1.5660 p1.5840 /

DATA (WAC(9,J) ,j~i t0) /I
C700.22 P700.21 0700.20 p700.19 t700.18 t698.40 P693.60#
C683o40 9666.60 t656.40 /

CATA (ETA(9,J) ,j=1,10)/
CO*569. t0.6415 90.7251 p0.7762 PO.8026 ,0.8076 ,0.8026#
CO.7762 t0.7454 g0.7251/
DATA (PR(iOJ) PJZI98,140 .. 50 .5O ,

Ci.0000 91.1632 ,1.3120 v1.4000 .409950tisof
Cl. 6600 f

4, DATA (WAC(10qJ)tJ=I,8 )
C750.03 v750.02 t750.01 $750.00 P71g9099 P149998 t749.40 t
C?36.80 /

DATA (ETA(1DJ)tJ~it8 )
CO.5174 10.6415 P0.7251 t097559 P097612 .0.7506 pfio?251p
CO. 6415 f

EN D
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'F'i 1- -.- '. 1, - 7 W -

BLOCK DATA INTOAT
C THIS IS A GENERALIZED INT* COP* PAP FOR UNREALISTIC SUPERSONIC EN

COMMON/ INTICN(15),PR(15,151,HAC(15,15),ETACI5,i5),NNP(15)
DATA NNP/±O90,6,795±0,8,54 01
DATA CN/0.3.4,.5,0.6,D.?~o8~O9,1.0ioi,1.Z,5*6o/
DATA (PR~iJ) ,.thl,6 )

C1. 0000 ,1.0180 ,i.0420 91.0576 ,io0672 ,1.0720 f
DATA (WAC(iJ) ,J:1,6 )l

C12i.80 ,ii'.90 99.900 ,839400 t66.6OI, 943.200 /
DATA (ETAiJ) 9Ji96 )/

C0. 7559 ,0.7612 ,0o7665 ,0.7559 ,0.725i 90*6415 /
DATA (PR(2tJ) ,J=i,7 )

CI. 0000 P1.0300 ti.0600 91.0876 ,1.i±28 ,io13so ,i.1500
DATA (WAC2,J5 ,J=i,7 )f

Gi43*40 ,±35.00 9126o60 gl16.70 ,104o?0 991*800 P78000/
DATA (ETA(2,J) 9J=197 )/

CO. 7559 A0.7762 90.7420 ,0.7973 ,0.8026 t0.?762 ,0o?40L
DATA (PR(3,J) pJzi,7 P

Ci. 0000 ,io0384 ,1.0768 plo1200 ,1.1740 ,1.198C ,±.2220
DATA (WACt'Ij) 9J=197 )f

C166.80 P161.4e0 ,i55.iO 9145o80 ,129.90 ,120000 0106080I
DA TA (ETA(39J) ,J1,97 P1f

CO. 15j6 ,0.7762 90.8026 ~o.8281 90o8439 pOo8281 ,0.7762 /
DATA (PR(4,J) VJ~j,7 )

Ci. 0000 p,.0552 gi.1320 ,1.1860 91*2400 ,1.284. ,1.2928 /
DATA (WAC(L.,J) ,J1,t7 )f

Ci9I.70 ,iMICi 9179oi0 t170.1 ,156*60 ,138.30 t133920 /
DATA (ETA(4,J) 9J=197 )

CO. 7454 v,7762 ,0.828i ,O.8545 90o8800 90*8281 ,098078I
DATA (PR(5,j) IJ--1,0)/

Ci. 0000 ,t.0960 ,1.?76 ,1.2220 ,1.2760 ,1.3i44 91.3264 1
Ci93360 ,i.36ED ,lo4008 /
CATA (WAC(5,JP ,J=i,10)/

C2ig.90 92M4.'0 ,21~4.20 9210030 ,203o40 p196*80 q194olg0
C191.70 v1854.20 ,1o130 /
DATA (ETA(SJ) , J-10) f

Cu.725i 90.7762 ,0.828i 9008545 90o8800 90.90±1 ,O.9038 ,

CO009011 ,0.8800 90o$281/
DATA CPR(6pJ) v J1,±#0)

C1. 0000 ,p..i500 P192400 p .3000 ,1.3420 ,io3828 ,1*4060 ,

DATA (WAC(G,J) ,Ji ,0) f
C249.9i 924C9oS0 ,246o60 ,242o70 9238.20 9233.40 ,228.30
C224.iO p216.60 v203.40 /

DATA (ETA(EqJ) ,J~igiD)/
C0.6682 ,0.7762 ,0.828i ,0.8545 90.8800 ,0.90u1 ,0.9108p
CO. 9011. ~o.8800 10o8272 f
DATA (PRt7,j) ,J1,10Q)/

C1. 0000 ,ili1'.O ,i.2250 ,1*3288 9i.4900 ,i.4344 ,i.4968 ,

C1. 54214 ,i.5868 ,i.6000 I'
DATA (WAC(7,J) ,J=iOl)/

C283.21 t283920 ,283.19 ,279.90 t276-60 927E.40 9264.30
C254.70 ,24i.8G ,237900 f

DATA (ETA(7,J) ,J=l,10)f
C0.6415 t097251 ,0.7'?62 ,0.8281 ,0o8589 9008800 ,0.9011



C068800 00.201 9008175/
DATA (PR(89JI PJzl,10)/

CieUO 000 9le0660 91*2028 tl*3312 ,1*4416 ,ilf51O0 9196000p
C1.6420 oi.6720 t1.720O /I
DATA (WAC(8,J) ,J=IiQ)/

C316.81 ,316*80 9316*79 ,3i6.50 9312990 9306*40 ,300i.00,
C293*',0 9288..30 v276#60/
DATA (ETA(8,J) 9J~itiCJ/

MO6002 90.6415 90-.7251 0.97762 ,0.828± 9094589 ,O.98600 I
COo8589 ,00201 ,0*7867 f

DATA (PR(9,.J) pJ1,1OC)f
CI.0000 t1.15e0 9,,3300 ,i*486U t1.6000 V1.6720 01075001
C1.80014 9108520 ,1.8760
DATA (WAC(9,J) pJ~igi0)/

C350-12 ,35Q.1± ,350oi0 1350.09 9350s08 934.9.20 ,346*80
C341*?O t333#~30 9328.20/

DATA (ETA(SJ) ,J=1,±D)/
CO.569. 90.6415 90*7251 ,0.7762 ,0.8026 ,0.8078 ,0.0026 0
CO.7762 ,0.?454 ,0*7251 /

DATA (PR(10,J) ,J=1,8 )f

C14,9900 /
DATA (WAC(10,J) 9J=198 )

C375*03 9375902 9375*0i ,375.00 ?374.99 9374.98 ,374.70 ,

C368*40 I
DATA (ETA(iO,J),9J=196)

CO.5171. 90*6415 90*7251 ,0o7550, ,0.7612 ,0*7506 ,0.7251 t
CO. 6415

END
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ELOCK DATA CMPOAT
C THIS IS A GENERAI.IZED H.P. COMP. M~AP FOR UNREALISTIC SUPERSONJIV EN

COMMON/ C0PP/CN(I5),PR(15915),WACt15,15JETAC15,1L5),NNP(15)
DATA hvNP/l02G,2*8q4*10,2*8,5*0i
DATA CN/.562,.674,.7?7,899,1.,1.034,19067,i.124,1.236,1.292,54u.,
DATA IpR(1,J3 9J*i,6 )f

Ci.oo 0000,i.400 #2.4280 t2.8690 93.8350 94.5490 /
DATA (WAC(iJ) 9J~it6 )I

C519000 t509200 94oO ,48.800 146.700 944.500 /
DATA (ETA(19J) ,Js1,6 )/

CO. 5908 ,0.6218 90.6424 90.6527 90.6734 ,O*6424e /
DATA (PR(2,J) vJ=1,6 ?I

Ci0 0000 ti99660 ,3.0930 t3.93030 ,-4.6890 ,5.5290 /
DATA (WAC(2,J) 9J=196 ),I

C59.300 v59.299 v56800~ ,57.900 t56.700 ,55.000 /
DATA (ETA(29J) ,J=iv'j )/

C0. 5906 ,0.E42e 90.6949 ,097250 p0.7456 ,0.7250 /
DATA gPR(3pJ) gJzj98 )I

C1.00C0 91.8400 92.6600 t3o4080 ,4o5210 95*4450 ,6.3130
C6. 5230 /

DATA (VAC(3,J) 0J=10 )f
~ IC70,00-. 170O000 969.P999 969.500 96a800 167.900 ,66.400

C65o?00 I
DATA (ETA(3pJ) 9J=198 )f

CO.585? ,0.6424 ,0.6837 90.7250 ,0.7774. 90.7929 90.7?74
coo 769? /

DATA (PR(49J) PJ=198 )
CI.0000 t2*0080 t3@4290 ,94*6050 9596970 96.6140 j7.5380
C7. 9580 /

DATA CWAC(4,J) ,J=i,8 )f
C84s802 t849801 ,84.800 t84.799 t84.000 983.300 961.700p
C80.5P0i /

DATA (ETA(4,J) *J=i,8 )f
CO. 5805 PO.6424 9091250vO.7774 ,0.8084 ,0.8290 ,0.80 4 ,

Ci).7929 I'
DATA (PR(59J) vJ=1,jO)0/

C1.OOO0 P2.519C ,3.9820 j5.2770 v6.4880 ,T.2020 v8.0000
C8,5670 t9*2860 p9o5960 f
DATA (IAC(59J)P J1iOi)/

C1iD.72 9101*71?i ,0i.0 ,101*69 910i*20 vi01.00 ,100.00
C99*500 ,98.,100 ,979400 /
DATA ;ETA(59J) 0J=1910)/

CO. 571S9,0*6424 ,0.7250 90.7774 10.8084 ,0.8394 10.8600p
CD. 8394 10.a084 0O48058 /
DATA (PR(6tJ) 9J=1IDi)/

SC1.90000 92*8550 ,4*2970 t5.6i3 v6.9360 t7.6220 ,8Q.5460 p
C9o1340 ,9.9250 tiC*2190/

DATA (WAC(6pJ) 9J=1910)/
C108.i2 ,±08li si08*18 t108.09 9107.60 .107.10 9106.70 ,

C1aG*oo P104*50 P1o"1o4
CATA (ETA(6,J) *J=±,10)l

CO.5102 v0.6424 ,0.7250 ,0.74 90.8084 00.8394. p0.8600t
CO.8394 9,oe08 t0*8041 f
DATA (PRUPJ) PJ4,910)f

CI.0000 P3.?.610 #4*7590 t6*ilO ,7o4540 98.3080 99.2180t
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DATA CWAC(7,J) PJ1,1IO)#4
C114*52 9114.51 9114.50 P114*49 ,114.48 9114.30 9103.60 v
C113*30 9112*60 9112.40 /
DATA (ETA(?,J) ,J2-ltIO)f

C095599 10.6424 .0.7250 t0.7774 ,0#8084 j0,6394. t0.8497
COe8394 1,0.6064 90*7981/
DATA (PR(8,J) ,Jm1,10)/

Ci.0000 .1.6660 t3.8490 95o4660 ,6.8660 P8.3710 #,9660 p
Cg. 8830 t10.912 .11.815
DATA CWAC(OVJ) ,J1,10o)/

C122.93 9122.92 t122*91 9122.990 9122o69 p122.86 9122.60 t
C122010 0121.70 9120.70/I
DATA (ETA(apJ) pJ=Il0)/

C045392 ,0.5702 *0.6424 90.7250 .0.7774 P,.084 t0.8239 ,

4. CO96394. 90.8084 ,D.*7774/
DATA (PR(97J) 9J'140 U/

CIOCO0 24*3530 P7.6220 t.*0*219 .11.059 9119699 f13.159 ,

C13.656/
DATA (WAC(SvJ) ,J=196 )f

C139.82 ,139.el t139.80 9139.79 9139.78 t139.50 p139.30 9
C039000/
DATA (ETA(gJ) vJ~i,8

C~o4764 90.6011 90.7250 P0.7774 .0.7826 90.7774 90.7250 v
CO. 6992
DATA (PRUC0 vJ=1,8 )f

CI*0000 t,7650 ,6.4810 .9.1760 910o219 p11.479,12*711 t
C14*412 I

OATA (WAC(l0,J) PJ .140)
C146*24 9146.23 p146*22 t146921 .146.20 t146*19 9146.18 f
C146917 /I

DATA (ETA(l0,J),9J1,-)
CO.4661 ,0.S?02 90.6424 .0.7250 p0.7508 90,7508 .0.7250 t
0.6424
END0
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BLOCK DATA LTURB
C THIS IS A GENERALIZED L.P. TURBINE MAP

COMMONI LTURD#TFF(15)CN(i150S)CHI(15,15),ETA(±5,1S),NNP(15)
DATA NNP/11,9'15129 , 4*0/
DATA TFFI a8.470, 102.809 116.84, 129.339 141.051 145.73, i5u.OU,

1 153.35, 156.41, 159.78, 163.17, 40./
.ATA ( CN( 19J),J-l1S)/

C6.36829 0.5336, 0.7365, 0.9754, 1.214.69 1.4173, 1.620±, 1.76739
C2.02471 2,2827, 2.46659 2.61379 2.81669 2.9456, 3@3138/
DATA ( OH( 19J),J=1915)/

C0.00109 0.00269 0.0035, 0.0044, 0.0051, 0.0056p 0.0059, 0.0061,
C0.00629 0.0061, 0.0057, 0.0053, 0.0044, 0.00359 0.000!/
DATA (ETA( lJ) ,J=:l915)/

CO.7120, 0.7300, 0.7472, 0.7300t 0.7140, 0.7000, 0.6850, 0.6730,
C0.64529 0.62009 0.6000p 0.5750, 0.5310, 0.50009 0.3850/
DATA ( CN( 29A9J=IP15)/

CO.36829 0.5518, 0.7919, 1 0672, 1,2882, 1.44469 1,6937, 1.89542
C2.0619, 2.2273, 2.3747, 2.6229, 2,87209 3.0555, 393138/
DATA ( OH( 29J)pJ, M15)/

c0.0026, u.0n3gp 0.0054, 0.0069, 0.0080, 0.0087, 0.00969 ,.Oig
C0.01041 0.010?, 0.0108, 0.0106, 0.0101, 0.0094, 0.0077/
DATA (ETA( 29J)J=I 45)/

C0.80001 0.8100, 0.8200, 0.83001 0.8300, 0.82901 0.8100, 0.800U,
C0.7850, 0.7600, 0.74501 0.7000, 0.68001 0.6450, 0.5900/
DATA t CN( 39J)IJi1,15)/

CO.36829 0.59119 0.8655, 1.0764, 1.2519, 1.4354t 1.6201, 1.8409,
C2.0247, 2.24559 2.4302, 2.5956, 2*77911 3.05559 3.3138/
DATA f OH( 39J),J=1,15)/
0.0031.; 0.0051, 0.0071, 0.0087, 0.00999 0.0111, 0.0122t 0.01304,

CO.014, 0.t152t 0.0157, 0.0162, 0.0166, 0.01679 0.0164/
DATA I:ETA( 3tJ)pJ=1,15)/

Co.800(I, 0.L1300, 0.8600, 0.8630, 0.8670, 0.8700, 0.8720, 0.8720,
CU.8700', 0.b6?0, 0.8600, 0.8500, 0.8300, 0.6000, 0.7600/
DATA I CN( 49J) *J=1915)/

C0.36821 0.42379 0.6810, 0.8037, 1.1047, 1.2882, 1.50909 1.7482,
C2.0k2Jp 2.2091, 2.3747, 2.60479 2.87209 3.12911 3.3138/
DATA ( OH( 4pJ),J, 915)l

00.003:3t 0.0038, 0.0061, 0.0078, 0.0096, 0.0110, 0.01269 0.014,
CO.0159, 0.0166, O.014l, 0.0183t 0.0191, 0.0195, 0.0197/
DATA IETA( 4,J),J=I15)/

C0.7995p 0.000, 0.8400, 0.8600, 0.8680, 0.8730, 0.8800, 0.88301

C0.88350 0.68801 0.8800, 0.8740, 0.6600, 0.8350, 0.8200/
DATA ( CN( 5,J,J21915)/

C0.3682, 0,5065, 0.7365, 0.9754, 1.2882, 1.5647, 1.7301, 1.9690,
C2.0983, 2.2637, 2.43329 2.6691, 2.9456p 3.1846s 3.3138/
DATA ( OH( 5J), J0115)/

C0.0036, 0.0049t 0.0071, 0.0092, 0.0119, 090141, 0.0155, 0.0172,
C0,081, 0.0192, 0.0202, 0.0214t 0.0226v 0.0235t 0.0239/
DATA (ETA( 59J),j1,l15)/

CO.7750# 0.8000, 0.8480, 0.8600t 0.750t 0.8900, 0.8912, 0.8940,
C6.89551 0.8970, 0.8961, 0.8900, 0.8790t 0.86719 0.8600/
DATA ( CN( 690 9J=1915)/

C0.3682, 0.6164, 0.8372, 1.104?, 1.2882, 1.5283, 1.7482, 1.9509,
C2.2133, 294302p 2*6510t 2.8619, 3.1384, 3.2584, 3.3138/
DATA ( OH( 69J)qJ=i,15)/
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CO.O)33P 0. 0064, 0.0 087, 0.0113, 0.0±130,p 0.0152, 0.017±, 0.0187,
Co 0209, 0.So02261 0.0244, O.025g, 0.0286, 0.0303, 000319/
DATA (ETA( 69J),pJai 15)/I

C0076009 Go.a000, 0.8450t 0.8600t 0.8730, 0089009 0.8950, 0.09000,
COO 90059 009010, 009004, 0.9000, 0.8900, 0.8800, 0.8735/
DATA C CN( 7,J)vJ=1,15)/

C~o3682, 0. 7728v 1.0±29, 1.2659, 1.4729, 1*6-859 1.6409, 2.0247,
C2190ip 2.3000, 2.3929t 2.5038t 2o5583, 2o61379 2.6319/
DATA ( OH( 7,J)p±i5)/

COo0044p 0.0089, 0.0115, 0.0±41, 0.0162, 0.0181, 0.0197, 0.3~216t
C0902359 Co02509 0.02659 0.0284, 0.0296, 0o0314p 0.0329/
DATA (ETA( 79J) vJ~i 1,15) 1

'CO.73±0, 0.8000, 008300, 0.8600, 0.8750, 0.8900, 0.8930, 0.8975,
CO.8999f 0.9000, 0.8980, 0.8937, 008900, 0.8799, 0.8710/
DATA ( CN( 8tJ) PJ1,15)/

CO.36e2p 0.6072, 0.7919, 0.9754, 1.2337, 1.4548, 1.6383, 1.8409,
4Ci.9509t 2.080± 23, 2.2091, 2o2637, 2*3009, 2*3051/

DATA ( DH( 8,J)tJ1,1I5)/
CO.0048t 0110078P 0.0102, 0o01249 0o01539 0.0177, 0eP201 0.0226,
C0.02k,2t OC261i 0.0274, 0.0285, 0,02999 0.0314, 0.0321/
OATA (ETA( 89J)#J=1915)f

C0971009 0.7450, 0.7680v 0.8O00, 0.8380, 0.8600, 0.8712, 0.8780,
CCO8800 0.8775, 0,87609 0.8722, 0.8660t 0.8600# 0.8480/
DATA ( CN( 99J) PJ115tl)1

CQ*36829 095518t 0.6629, 0.8282, 1.0129, 1.16919 1.2337, 1.3809,
CI.5283, 1.62019 i.748, 108409v 1.8954, 1091479 1.9237/
CATA ( DH( 99J)PJ=It,5)/

COoC054t 0.0080, UoO996, 0.01±9, 0.0141, 0.0160, 0.01699 090188,
COo 02099 0.0223, 0.0A449 0.0263, 0.0279, 0.0289, 0.0303/
DATA (ETA( 9,J) PJ='.915)/

COo67809 0.7000, 0.7125, 0*7350, 0@7690t 0.8000, 0.8Q609 0.8225,
CO.8395P 0.8450, Oo8470, 0.8445, 0.8330, 0.8235, 0.8080/

A DATA C CN(IOPJ) PJ31,12)1
COo 36829 0.4782, 0,6447, 007546, 0.8655, 0.9754, 1.1047, 1.2015,
C1.27019 1.3073, 1.33651 l..3407/
DATA C DHCI.0,J) J=1,12)f

CO.00619 0.00789 0.0104, 0.0122, 0.0139, 0.0157, 0.0181, 0*0201,
Co 0217p 0.U(2309 090244, 0*0251/
DATA CETA(IDJi) J=Ip12)/

CO@6380s 0*(:550, 0.6700t 0.6550t 0.70009 0.71109 0.7180, 0.7180,
C967170t 0.,1409 0.7000, 0*6890/
DATA ( CN(%itJ)vJ-2iv9 )/

CO*36829 0.l~48p 0.5518, 096447, 0.73659 0.8282, 0,88379 0.9391,
C0097i5f

DATA ( OH(:'.gj) pj=1,9 )
CO.00699 0.1I0069 0.0106, 0.01239 0.0141- 0.01599 0.0172, 0.0186,
CO. 0201/
DATA (ETA(119J),J=1,99)

CO.6000t 0.60009 0.6120, 0,61709 0.6216, 0,6258t 4.62509 0.62309
C096099/
END
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BLOCK DATA ITURB
C THIS IS A GENERALIZED I.P. TURBINE MAP

COMMON/ ITURE/TFF(15),CN(15,i5),0H(15,15),ETA(15,15),NNP(j5)
DATA NtP/11,915,12,9,4O/
DATA TFF/ 39.670, 82.E36, 93.468, ±03.464, 112.836, 116.58U,

1 120.0009 122.68, 125.12, 127.82, 130.536, 40./
DATA ( CN( lpJ),J=1,15)/

C0.3522, 0.5104, 0.7044, 0.9330, 1.1618, 1.3556, 1.5497, 1.6905,
C1.9367, 2.1835, 2.3593, 2.5001, 2.6941, 2.8175, 3.1698/

DATA ( OH( 1,J),J=1,15)/
CO.0016, 0.0023, 0.0031, 0.0038, 0.0045, 0.0049, 0.0052, 0.0054,
C0.0055, 0.00549 0.0051, 0.0047, 0.0038, 0.0031, 0.0001/
DATA (ETA( 1,J),J=1,15)/

C0.71209 0.7300, 0.7472, 0.7300, 0.7140, 0.7000, 0.6650, 0.673u,
C0.6452, 0.6200, 0.6000, 0.5750, 0.5310, 0.5000, 0.3850/
DATA ( CN( 2,J),J=1,15)I

C0.35221 0.5278, 0.7575, 1.0208, 1.2322, 1.3816, 1.6201, 1.8130,
C1.9723, 2.1305, 2.2715, 2.5089, 2.7471, 2.9227, 3.1698/

DATA ( OH( 2,J),J=l,15)l
CO.0023, 0.0035, C.0047, 0.0061, 0.0070, 0.0076, 0.0084, 0.0089,
C0.0092, 0.0094, 0.0095, 0.0093, 0.0089, 0.0083, 0.0068/

DATA (ETA( 2,J),.J1,15)/
C0.8000, 0.8100, 0.8200, ',.8300, 0.8300, 0.8290, 0.81U0, 0.8000,
C0.7809 0.76009 0.7450, 0.7000, 0.6800, 0.6450, 0.5900/

DATA ( CN( 2,J),J1l,15)/
C0.3522, 0.5654, 0.8279, 1.0296, 1.1975t 1.3730, 1.5497, 1.7609,
C1.9367, 2.1479, 2.3245, 2.4827, 2.6583, 2.922?7, 3.1698/
DATA ( OH( 2,J),J=,15)/

CO.002?, 0.0045, 0.0063, 0.0076, 0.0087, 0.0098, 0.0107, 0.0118,
CO.0126, 0.0134, 0.0139, 0.0142, 0.0146, 0.0147, 0.0145/

DATA C.TA( 2,J),J=l,15)/
C0.8000, 0.8300, 0.8600, 0.8630, 0.8670, 0.8700, 0.8720, 0.8720,
C0.8700, 0.8670, 0.8600, 0.8500, 0.8300, 0.8000, 0.7600/
DATA ( CN( 3,J),Jdl15)/

CO.3522, 0.5654, 0.8279, 1.0296, 1.1975, 1.3730, 1.5497, 1.7609,
C1.9367. 2.1479, 2.3245, 2.4827, 2.6583, 2.9227, 3.1698/
DATA ( ON( 3,J) Jj=lq5)/

C0.002?, 0.0045, 0.0063, 0.0076, 0.0087, 0.0098, 0.0107, 0.0118,
CO.0126, 0.0114, 0.0139, 0.0142, 0.0146, 0.0147, 0.0145/
DATA (ETA( 3,J),J=1,15)/

C0.8000, 0.8300, 0.8600, 0.8630, 0.8670, 0.8700, 0.8720, 0.8720,
CO.8700, 0.8670, 0.8600, 0.8500, 0.830, 0.8000, 0.7600/
DATA ( CN( 49,J),J=1,15)/

CO.3522, 0.4052, 0.6514, 0.8452, 1.0567, 1.2322, 1.4434, 1.6722,
C1.9540, 2.1131, 2.2715, 2.4915, 2.71, 2.9931, 3.1698/

DATA ( OH( 4 ,J),J=1,15)/
CO.00299 0.0034, 0.0054, 0.0069, 0.0084, 0.0097, 0.0111, 0.0124,
C0.0±40, 0.0146, 0.0153, 0.0161, 0.0168, 0.0172, 0.0173/
DATA (ETA( 4 ,J),J=1,15)/

CO.79959 0.8000, 0.8400, 0.8600, 0.8680, 0.8730, 0.8800, 0.8830,
C0.8835, 0.8830, 0.8800, 0.8740, 0.8606, 0.8350, 0.8200/
DATA ( CN( 5vJ),J=i,15)/

C0.3522, 0.4M44, 0,7044, 0.9330, 1.2322, 1.4967. 1.6548, 1.d834,
C2.0071, 2.1652, 2.32?4, 2.5531, 2.8175, 3.0461, 3.1698/
DATA OH( 5J),J=1,15)/
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CO.9031, 0:00431 00.4621 0.008i 0.0105, O.0124 0.0136, 0.0152P
C0,,01599 00178, t1.089t O-,099P 0.0207p 0.0210/

DATA (ETA( 5fJ)J:-.,15)/
C0.7750, 0.8000, 0.8480, 0.860C9 0.87501 0.89009 0.8912v 6.89401
CC.8955, 0.8970, 0.8961t 0.8900, U.8790, 0.8671, 0.8600/

DATA ( CN( 6J) pJ= s115)1
c0o3522p 05896, 0.8008, 100567t 1,2322; 1.4619, 1.6722, 1.86.b,
CM°171,1 2.3245, 2.5357, 2.7375, 3.0019; 3.1167, 3.1698/
DATA ( DH( 69J),J!is15)/

C0.0034v 0.00579 0,00761 0.0100t 0.0114, 0.0134, 0.0150p Goji165p
Z D.0184, 0.0199, 0.0214, 0.0228, 0.0251, 0.0267t 0.0290/

DATA (ETA( 6,J)vJ=I15)/
CO.7600, 0.0000, 0- .50, 0.8(909 0 8730 0989009 0.8950, O.sb0,
C0.90059 0.9010, 0.90049 0°9000, 0.8900, 0,8800, 0.8710/

DATA ( CN( 7,J)qJ$ 15)/
C0,3522p 0.73929 0.9689, 1.21099 1.4089t 1.6056, 1.76099 1.°9367,
C2*09489 2.,2000P 2o28899 2,39491 2.4471, 2.500,o 295175/
DATA ( DH( 7 5 J) J=iti5)f

CC.00381 0.0078, 0.0101, 0.0124, 0.042, 0.0159, 0.0173, 0.0190t
CO.2079 0.0220 0o.U233, 0.02509 0.0261, 0.02761 0o0290/
DATA (ETA( 79J) vJ=IP15)f

CO73i0, 0.6000. 0.8300, 0.8600, 0.6750, 0.8900, 0989309 0.8975,
C0.89999 O.gco0q 0.8980P 0.8937, 0.8900, 0,8799, 0.8710V
DATA ( CN( 89J)J=t1,15)!f

Co.35229 0.5808, 0.7575, 0.9330, 1,1801, 1.3915, 1.5671 1(7609,
C108660, 1*.897, 2.06019 2.1131, 2.16529 2.20099 2.2048/
DATA % DH( 89J),J=lv15)/

CO.0042, 0.0069o 0.0090, 0o0109. 0.9135, 0.01569 6.077p 0.0199,
C0,0213s 0.0230, 0,0241g 0*0251g 0.0263, 0.02769 0.0283/
DATA (ETA( 89J) ,J=il15)/

CO.oTIO0 0.74501 0.76809 0.8080 0.83801 0.8600, 0.?12v 0.8780,
CO.88009 0.87759 0.87601 0.8722, 0.86609 0.86009 0.8480/
DATA ( CNC 9,J)gJ= j5)f

CO,35221 0.52789 0.63409 0.7922p 0.9689, ±41.,183p 1.1801, 103209t
C.,4619i 1.54979 1.6722, 1.1609, 1.6130, 1.8315. 1.840L/

r DATA ( DH( 99J) ,J=lpt5)/
CO°0047t 0.0070, 0.0084 0,0104, 0.0124, 0.0141, 0,0148p 0.81fi6
CO.0184t 0.0196, 0.0214, 0.0232, 09021,, 0.255, 0#8267/

DATA (ETA( 9vJ) 9J=.151/
CO,6780, 0.7000, 0.71.5, 0.7350p 0,7690, 0.8000s 0.8060, 0.8225P
C0.83959 0.8450,. 0.870,?0 0.8445, 0.8330t 0,6235, 0.8080/
DATA ( CNkIOvJ)9J=1p12)/

CQ.3522P 0°4574t 0.6'67 0,728* 0.8279, 0o93309 1.096?, .l1493,
Ci. 2148t 1,2505t 1.27849 1.2824/

CATA ( OH(l tJ? vJ=l p,12) /

C.O054, 0&.069t 0.0O'2., 0.0107, 0.01239 0.0138, 0,0159, 0.017PP
Co.0191 ie0 02 OOi4 0o0221/

CATA (ETA110tJ)qJ=1,±?3/
CC.6380, 0.E5509 0.6700, 0.6850, 0,?0OP,, O.710, 0.7180, 0.71803
c 0o7170 0.7140, 0.7000, 0.6890/
DATA ( CN( lJ) ,lJ=19 )/

CO,3522, 0.4226, 0.52789 006167p 0470 -4 G.rT22t 0.8452, 0,8983t
. C O.9293/

DATA ( DH(IIJ) j=19 )I
Co. 061f o 0 s 0.0093, 3vQ01 0.01249 0.0140, 0.0151, 0.o16o 4
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CO. 017?/
DATA (ETAC11,J),tJzi,9

CO.6 0O0r 0-60O0, 0.612fi, 0.6170, 0.62109 0.62589 Q.6250, O.6236,
CC, 6009/
END0
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BLOCK DATA HTURB
C THIS IS A GENERALIZED H.F, TURBINE MAP

COMMON / HTUF48/TFF(15) pCN(15,15) ,OH(15 15) PETA(15?1 ,NNP(15)
DATA NvNP/10%9415vi?95*0/
DATA TFF/ 39.C709 42.990t 4 .4609 48.610, 49.175, 49.6001

£ 50.000, 50.25, E.i0920o 51.575, 54 0/
DATA ( UN( 19J)J9J= I5)/

C0,18729 0.3372, 0.51569 0.7128, 0.93e2, 1.14429 1.31381 1.5382,
C1.7264, 1.9324, 2.1500, 2,4058, 2,5892, 297862, 2.9460/
DATA ( OH( itJ),J=115)1

C.0,032, 0.005?, 0.0084, 0.0108, 0.0133, 0.0252, 0901649 0.0174o
C0.0179, 0.0106p 0.016;', 0.0144, 0.0120, 0.0082, 0.003 4
DATA (ETA( 19J) J1 15)/

C'.6219t 0.70789 0.7868, 0.8090,t 0.8090, 0.79639 0.7779, 0.7422,
CO.7078, 0.7635, C.60589 0.5309, 0o4Y739 094045t 0*3034/
DATA q CN( 2,J),J=1s15)/

CO1872, 0.3S429 0.5814, 0.7128, 0.8442, 0.9604t L1,i0689 10'27549
C1.4450, i.7t'68, 1*9696, 2o27069 2.69709 3*09609 3.37741
DATA ( DH( 21J),J=1#15)/

4C0.005b, 0.00809 0.0113, 0 0, 0 .0a56, 0. 0 1- . 0.0192, 0.0212p
CO.02281 O.0248, CoU260, 0,.02619 0.0241, 0.0188s 0.0128/
DATA IETA( 29J) J=i v15)/
C00689 0*7078v 0.8090, 0.8?q.t 0.8363t 0.8393, 0.8368, 0.830?,
CO,8254s 0,8990, 0.7696v 0.7078, 0.6066,. 0.5056, 0.4197/
DATA ( CN( 3,J),J=1,15)/

CO.1872v 0.43621 0.6568, 0.8726; 1.0696) 1.7382, 1.4638, 1.68829
C1.96969 2*21389 2,55209 2,6650, 3,0392p 3,Li18, 3,3774/
DATA C OH( 3,J),J=1$15)6

C00046* 0.01009 G.0144t, D.0184 0.02161 Us0O0 0,0268 0,092)
C000316, 0,033if C.C344p 0.0346t *0 .03249 0.0312/
OAT' (ETA( 3J), J=iLp5)/

C0.5764p 0,078t 9.8090, 0.8494t 09853; 0,85V1J 0.849., 0.8409%
C0,262, 0.8090, Q.7579t 0*707"81 0,6652, 0.6068, 0.5865/
DATA ( CN( 40J)pJ± t15)/

C01872, 0.2550, 0.4$.7 0.6942t 0.91489 1.14429 1.3862t 1.5618,
C1*80100 1*,9794p 2*2791* 295138, 2 .834p 3.1422 3.3774/
DATA ( DH( 49J) v -15),

;.0.00529 090068y Q0s912G, 13.0164y 0.0204, 09C2449 0,0280p 0403804p
CO.0336, oG.0356 0.0388s 0.1412, 0 *044 0.0472, 3*0,94/
DATA (ETA( 4 tJ),J=1,S1)/
C05643, 0.6068, 0.70789 9.3090, 0.8494, 9,85969 0.85969 0,8575,
CO. 8535, 0.9494t 0.8363 0.826Z, O.e90, 0.7797t 0.7584/
DATA ( CN( 5,J) pJ=iti5/

Casi1472, 0- Jc00, G,52549 0,7500, Oc9764p 1,27541 1.4824, 1*7638,
C2. 04509 2,3362) 2,6450 2,870i,; S4?. 3.15213 ),el6181
DATA ( Oil( 5 J J=1,1s5 f
.o*,G056 0.0088, oa144t 040192, 0.0236, 0°0268 , 00321, 0.0360,.
CO.O kOOt O3444s 0,e0496t G40540, 0.0596t 0.0640t .C661/
DATA (ETA( 5,J. ;J=1,15)/

C0,5562t 0.6068t 0.T0O, C.,8090, 0.eY,9g 0.869?) 0.8696, 0.8662t
C,1.86A5t Go8559s 60.52,v 08494; 0.8494 1185329 0.6570/
DATA ( CN( 6,J) J=fi5)lCe.,1872t O.;|356, -,6J.9C, 0.862.8r 1,U932t I,2352v 1*5010*, i 6m0

C1,*9138c 2#12469 2,2700, 2*42261 2.4959 2.5Z72, 2.5556/
DATA Di( 69J) IJ-'- p 5)/
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CO.0068, 0.01209 0.01929 0.0252, 0.0300, 0.0340, u.084. 0.0421,
CO.04729 0.05249 0o.05649 0.0668, 0.0640 0.0668, 0.0693/
CATA (ETA( 6,J),J=1v5)/

C0.53099 O.EO68, 0.7078, 0.8090, 0.8494 , 0.8697, J.8819? U.8899,
C0.8940 0.8969, 0.8975t 0.8937, 0.8968; 0.8937, 0.8896/
DATA ( CN( 7, j-,pjt,15)/

CO.1872, 0.43149 0.6844) 0,95689 1o20109 1.38349 1.51uI8v 1.6le6,5

CI*74509 1.86±8, 199558t 2*0O(60, 2,0450p 2,,0824p, 2.1010!
DATA ( MH 7,J),qJ~i,±5)/

C06 0080t 0.0164o 0.02369 0.0301t, 0.0372, 0.0416o 0.0448t U.0476,
C0.0510, 0.0544, 0.0576p 0.0600t O.062 ' 0.06609 0.0O700/
DATA (ETA( ?J)--1 915)/

C050629 0.6068, 0o7078, 0,8090, 0o8494, 0.8697, 2.8797, 0.8899,
C0.8954 0.9000r 0.9010, 0.9000, 0.8980, 0.89259 0.8793/
DATA ( CN( 89J)J=tpi5)/

CO,1812, 0.4824, 0.7314, 0.8814, 1.0226, tP1442, 1.2804, 1,*3696,
G1.4638, 1.5950, 1.6746, 1.7450, 1.8810t 1.81569 1.8196/
CATA ( OH( 8,J),J=l,15)/

CO. 00881 0. 0196, 0.0272t 090316t 0 *0Oi6, 0.0392, 090432t 09J460,
C0.0488, 0.0528, 0.05609 0.0596, 0.0640, 0.0664; 0.0693/
DATA (ETA( 8J),J=115).'

CI.505, 0.6068, 047078, 0.76659 00 090s 0.8292, u.8494t 0.8596,
C0.8697, 0.8808, 0.8648, 0.8848, 0.8788, 0,8691, 0.8590/
DATA ( CN( 9,J)tJ=l,15)/

C0.1872, 0.3372, 0.5344, 0.67541 0.8C68p G.9196, 1.0128, 1.i254?,
Ci.2196p 1.3138, 1.3696, 1.40639 1.4450, 1.4GS8, 1.4676/
DATA ( DH( 9pJ),J=i,15)/

C0.0093, 0.0159, 0.0232, 0.0284, 0.0330, 0.0368, 0.0400t U.,0
00.04809 0.0524t 0.0556, 0.0580, 0.0612o 0.0649, 0*9668/

CATA (ETA( 9,J)hJit±5)/

CO.4909,0580o 0.60689 0.068,3 0.10±, 0.0352, *.???j0 0.0090i,

00.0490, 0.8302# 0.837, 0.83639 0.8322 0.8241v n,6v90/
DATA f CN(,10,)pjJ=112/

C0,18v7 02814f, 0.3806 0.4686t 0.5628 0.6382, 0.68929 G.7362,
C0.76961 0.8068 0.8254, 0.8304/

CATA ( OH, IQtJ) J=IplEt/
C0.002t 0 0180t 0#0228t 0.0268t 0.0314t 0.0352* 0.U809 0. 412,
CO.O44Oi 0.0476o 06504t 0.0530/

DATA (EITA(1Oj) J=l 912;,/
C8.4?.57p 0.4747p' 0.50569 0.53599 0.5683t 0.5St', = ls 0.6".5d 0.6b178,
CO0. 62 4Ut 0. 6310 t 0.6265, 0.5118/si

EN0
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SECTION VIII

SAMPLE INPUT LISTING

The fi-st section of data cards is the set of variables selected for

output (controlled output). The second section is the Namelist input for

running the desired points. The Namelist input consists of the following

points: design point .t sea-level static, a setup cAse for sea-level

static L2fterburning, a sea-level static full afterburning point, several

points in a subsonic power hook, a setup case for supersonic afterburning,

and the supersonic full afterburning point.
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SECTION IX

SAMPLE OUTPUT LISTING

The following are typical computer printouts, the first point is

the. design point and includes a page of correction (or scaling)

factors and a page of values of variables in common. The other

operating points consist of a page of output for each point. Not

included for these points is a comon dump, which follows each output

page and is very similar to the common dump following the design point

correction factors.
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